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ABSTRACT " " 
The methods used for solving the laminar boundary layer equations .are presented and a detailed description 
of the resulting computer program is given. This program can be used to calculate the thin viscous shock layer 
at a stagnation point or the boundary layer flow along an arbitrary body shape. The gas model is of a general 
form where the mixture can consist of as many as 30 species with finite reactions occurring. Several 
boundary conditions at the surface are available as options in the program to account for material ablation. 
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NOffiUCLATURE 
coe f f i c i en t matr ices i n the d i f ference equation 25 
mass f r ac t ion of species i , p /p 
^ f t - l b 
spec i f i c heat a t constant pressure of species i , —r j j -
frozen spec i f i c heat a t constant pressure of the mixtxire, 2 c. c , - iw, 
i 1 PJ Slug i\ 
2 
multicomponent diffusion coefficient, ft /sec. 
o 
binary diffusion coefficient, ft /sec. 
thermal diffusion coefficient, lb sec/ft. 
•velocity ratio, u/u 
enthalpy, S h.c. (ft-lb/slug) 
i ^ ̂  
enthalpy of species i , ( f t - l b / s l u g ) 
mass f lux r e l a t i v e t o the mass-average ve loc i t y , Blug/ ( f t -sec) 
thermal conducti-vlty of mixture , l b / ( s e c °R) 
forward and backward r a t e cons tan ts (see Eq. 88) 
d e n s i t y - v i s c o s i t y product , Pu/(Pij) 
multlcon^jonent Lewis-Semenov number, c pD. /k 
b inary Lewis-Semenov number, c p ^ . . / k 
- T / 
thermal Lewis-Semenov number, c D./k 
' p i' 
molecular weight of the mixture, l/(2 c./M.), Ib/lb-nole 
moleculai' weight of species i, Ib/lb-mole 
number of chemical elements in gas model 
number of chemical species in gas model 
number of chemical reactions 
Prandtl number, o u/k 
pressure, lb/ft 
pressure, atmospheres 
normal shock stagnation pressure, atmospheres 
2 2 
universal gas constant, lb ft /(lb-mole sec °R) 
nose radius, ft. 
shock Reynolds number, P„V^Rv[/u v • 
distance from axis in axisymmetric problems, ft, 
temperature, °R 
normal shock stagnation temperature, °K 
temperature, °K 
velocity components tangent and normal to body surface, ft/sec. 
transformed normal velocity (Eq. l6a) 
freestream velocity, fps 
2 k 
w. mass rate of formation of species i, lb sec /(ft sec) 
W vector for dependent variables 




mole fraction of species i, MC./M. 
y distance along normal from sxirface, ft. 
a u^/(c T ) 
e' ̂  p e 
a .,3 . forward and backward stoichiometric coefficients 
ri ri 
3 pressure gradient parameter 
Y. mass concentration of species i, C./M. , ll)-aiole/lb. 
e density ratio across shock, P /p , 
r\ transformed y coordinate 
2 2 2^2"i^ 
S transformed x coordinate, lb sec /ft ' 
A'r|,A? step sizes in transformed coordinates 
9 temperature ratio, T/T 
K curvature of body, l/ft. 
^ 2 
IJ "Viscosity, lb sec/ft 
2 , k 
P density, lb sec /ft 
2, h 
p. density of species i, lb sec /ft 
A shock standoff distance, ft. 
SUBSCBIFTS 
A atom 
b,w condi t ions a t body surface 
e condi t ions a t outer edge of shock layer or boundary layer 
eq chemical equ i l i b r i im 
m des ignat ion of mesh point in ' ' - d i r e c t i o n , ^ = (m - l)t\K 
designat ion of mesh point in Ti-direction, r| = (n - 1)ATI 
q u a n t i t i e s evaluated a t a reference condi t ion which i s taken as the outer edge of 
shock layer or boundary layer 
sh condi t ions behind shock wave 
" freestream condi t ions 
SUPERSCRIPTS 
j = 0 two-dimensional body 
3 = 1 axisymmetric body 
I. Introduction 
A general computer program has been developed for solving the laminar boundary layer equations with a 
finite-difference method. The governing equations are solved in an uncoupled manner in order that a gas mix-
ture with a large number of chemical species can be readily handled. The program has been written with 
various options to provide a flexibility that allows a variety of problems to be solved with only a change 
in the input data. This program has evolved over a period of time with earlier versions described by Meyer 
and Ten Broeck , Ten Broeck and Blottner^, and Blottner3. since these earlier programs have proved to be 
useful to a number of people, this report is intended to provide sufficient details of the present program 
so that it can easily be used by others. The present program is sufficiently different in capabilities and 
ease of use as to make the earlier versions obsolete. The major improvements in this program are: 
1. Numerical schemes are improved 
2. Initial profiles can be obtained by program 
3. Thin viscous shock layer can be solved at the stagnation point 
h. Variable step sizes across layer and variable boundary layer thicknesses are available 
5. Complete multicomponent diffusion is included 
6. Additional boundary layer properties are determined 
7. Updated transport properties are employed 
8. Arbitrary body shape option is available 
1+ 5 Some parts of the present report have been published previously by Blottner ' . These parts are repeated 
in order to pro"vide a unified treatment of this problem and to include modifications which have occurred since 
these papers were published. However, these papers provide additional information not Included in this report 
and should be utilized along with the present report. In reference k, the thin "viscous shock layer problem is 
discussed while in reference 5 a survey of finite difference methods for solving the boundary layer equations 
is given. In both of these references, results obtained with the present program are presented. Additional 
6 7 
results from the program have been given in papers by Da-vis and Blottner . 
The form of this report is intended to satisfy the needs of various people by the appropriate use of 
certain parts of the write-up. For a reader interested in knowing the governing equations being solved and 
the numerical techniques being used. Chapter II is the appropriate place to start. Also in this chapter bound-
ary conditions are given, the transformation and linearization of the equations are presented, and the finite 
difference form of the equations at a stagnation point, tip of sharp body or along a body (initial profiles) 
are formulated. The derivation of the species boundary conditions corresponding to various surface materials 
is described in Chapter III. A general form of the boundary condition for each species equation Is used 
where two parameters (P. and 0.) are required. Additional boundary conditions can be readily added to the pro-
gram by pro"viding the evaluation of these two parameters. The boundary conditions at the outer edge of the 
layer are described in Chapter IV. For the boundary layer solution along a blunt body, the swallowing of the 
inviscid flow can be taken into account by the proper specification of the edge conditions. In this chapter, 
the evaluation of quantities which are a function of the distance along the surface is given and various body 
geometries considered. Also the method of changing the step-size smoothly along the surface is described. 
Finally, in this chapter the shock layer edge conditions are presented in terms of the transformed coordinate 
with shock slip effects included. The methods for evaluating transport properties, thermodynamic properties 
and chemical kinetics are given in Chapter V. In addition, the properties for an air gas model are tabulated. 
After the boundary layer or shock layer solutions are obtained, various properties of the flow are determined 
from relations described in Chapter VI. 
For a person interested in sol"vlng problems "with the program, the appropriate place to start is Chapter 
VII where the program options, input and output are described. With an understanding of this chapter, the 
7 
program can be utilized to obtain boundary layer and shock layer computations. To help set up input data and 
imderstand the usage of the program, three sample problems are presented. For these problems the input data 
is given and some of the computer output is also given. If greater details of the programming are required. 
Appendix P is available to pro"vide this information. 
While the program was being developed, the question arose whether the finite difference procedure being 
employed was as good as the nonlinear overrelaxation method for solving the initial profiles. An investigation 
of the solution of the boundary layer equations at a stagnation point for a binary gas mixture was performed. 
The results of this study are presented in Appendix B and indicate the finite-difference method is slightly 
preferable to the nonlinear overrelaxation method. 
The choice of whether the flow is in local chemical equilibrium or in nonequillbrium has been included 
in the initial profile part of the computer program. The case of equilibrium is a special case of the non-
equilibrium problem and only requires slight modification to the method of solution and is described in 
Appendix c. This option is of interest in predicting the boundary layer on cones far downstream where the 
equilibrium and locally similar assumptions are reasonable. Also, in the stagnation region at low altitudes, 
the assumption of chemical equilibrium becomes valid. In these cases, it shoxild be noticed that it is neces-
sary to assume that the flow is in equilibrium at the surface which implies certain restrictions on the surface 
chemical reactions. 
II, Solution of Governing Equations 
A. Conservation Equations 
The general equations for a multicomponent nonequillbrium gas are given in Reference 8 and these equations 
for the boundary layer along a body and the stagnation point thin shock layer become the following; 
Continuity 
lFK)^iH) = ° (la) 
Tangential Momentuiii 




|£ - K PU^ = 0 






=p "" S3E -̂  =p P^ §7 
NI NI 
1=1 ^ i=l 
Species Continuity 
P" ̂  "• P^ "W" ° • ¥ ^^i^ ̂  ̂  i = 1. 2. ••• (NI - 1) (le) 
There are only (NI - 1) Independent species continuity equations (le) with the NI species determined from 
the relation > o. = 1. For two-dimensional flow, J = 0 and for axisymmetric flow, J = 1. The expression 
1=1 
for the relative mass flux J. in a multiooinponent mixture of perfect gases is given in Reference (8) and be-
comes the following for the boundary layer: 
NI ac, . _ u_ V ^ e ""k "i 3T , 




(Le^ i = k 
lAb^j^ i 'f k 
9 
ni / NI 
Xe -V!i / V -^ 
j = i 3=1 




/ .« \ NI 
If the binary Lewis-Semenov numbers, ̂ .., are constant for all of the species or if a trace species is being 
considered, the term Ab., is zero. In the above Equation (2), the pressure diffusion term is neglected due 
IK 
to the boundary layer assimiption; and the forced diffusion term is assumed zero. The equation of state is 
also required and is "written as 
Pg M 
NI RT 
RT Y, i^^/\) 
(3) 
1=1 
where it is assumed the gas consists of a mixture of chemically-reacting perfect gases with the pressure change 
across the boundary layer and stagnation point shock layer neglected as a result of Equation (Ic). 
The stoichiometric relations for a multicomponent gas with NI distinct chemical species and NR simulta-
neous chemical reactions are 
Ea .X. :r=* > ^ 3 .X. ri 1 J— 2 L ^ ri 1 
" • T3_ 1=1 
r = 1, 2, NR (M 
1=1
The quantities X. represent the chemical species and catalytic bodies and a . and 3 . are the stoichiometric 
coefficients. The S"ummatlon limit NJ is equal to the number of species plus the number of catalytic bodies. 




a = J a . - 1 
r / J rj 
0=1 
n.T 
B = > 3 . - 1 
r X J rj 
j=l 
a NJ a . 
r r J=l "̂  
10 
p_ NJ a 
r r j = l 
P(gm/cm3) = 0.51536 P(s lug / f t2 ) 
The mass concentra t ion Y- for the NI species i s 
Yj = = /M. J = 1, 2 , NI 
whereas for the catalytic bodies, the following expression is used: 
NI 
1=1 
^(d-Nl)i Yi 3 = (»I ̂  D ' KJ (6) 
The quantity Z,. ^_s. is the third body efficiencies relative to argon and are determined frcm the reactions 
being considered. 
The production term can be written as 
/ 0 1 w. /p = W. - W. o. 












'»rl - »rl> 
0 
0 
- ( ^ 1 - %,) 
'Ki k 1 . ) ^ 
i f (Pri 
i f (P^i 
i f 0 , , 
If ( ^ i 
- ^ i ) > ° 
- ^ l ) , ^ ° 
- ^ i ) ^ ° 
- ^ l ) < ° 
It should be noticed that W. and W. are positive quantities and the quantities L. and L. in the rela-
1 ' "• 0 
tlon for W. will contain y. to a power one or greater depending upon the chemical reaction. The term W. Is 
not a function of the mass fraction 0. but W. can be a function of the mass fraction c.. 
The conditions at the surface and outer edge of the boundary layer or shook layer determine the necessary 
boundary conditions for the foregoing equations. At the wall, it Is assumed that the tangential velocity is 
zero and the surface temperature is specified and these conditions are expressed as 
u(x, 0) = 0 (Ba) 
11 
T(x, 0) = T̂ (̂x) (8b) 
In addition, the boun^ry condition on the mass flux of a species "i" at the surface, (P.v.). , is 
(P.v.)^ = A^ = (c.Pv)^ + (j.)^ (i = 1, 2, ... NS) (9) 
The mass flux at the surface of all of the NI species cannot be specified arbitrarily as the net mass flux of 
any chemical element normal to the surface must vanish at the surface, except for the surface elements and 
this is true whether chemical reactions take place there or not. These restrictions are written as 
NI ^ 
"^'•^^^ ^ y i ' h W- (%) k = 1, 2, ... NE (10) 
where a is the ratio of the mass flux of element k to the total mass flux at the surface and Is known from 
the chemical composition and characteristics of the wall material. With this relation, NE of the species mass 
flux at the surface, (m.) , are known; the remaining species mass flux are determined from the chemical reac-
tions (catalytic recombination, oxidation, sublimation, etc) and transpiration mass transfer occurring at the 
surface as is discussed subsequently. 
The total mass flux at the surface can be determined from 
NI 
pv = y ^ (ifi) (11) 
i ^ ^ 
and this is the boundary condition employed with the continuity equation. 
The flow at the edge of the boundary layer is determined from the in"viscld non-equilibri"um flow around 
the body and is discussed in more detail in Chapter IV. The boundary conditions at the outer edge of the 
boundary layer are 
u -> u (12a) 
e ^ ' 
T ^ T (12b) 
e 
c. -* e. (12c) 
For the shock layer solution, the above relations must be satisfied where the edge conditions correspond 
to the properties behind the shock wave. In addition, the distance from the body to shock must be adjusted 
until the normal velocity from the shock layer solution matches the normal velocity behind the shock wave. 
These boundary conditions are expressed as 
"(^sh) = "sh (̂ 3̂ ) 
T(y3^) = T^^ (13b) 
12 
^i^ysh) = =1 (13c) 
sh 
^^^sh) = "sh (13d) 
B. Transformation of equations 
The boundary layer equations (l) are transformed with the Mangier, Gortler, Howarth-Dorodnitsyn, Le-vy, 
and Lees transformation in order to obtain them in a form more appropriate for numerical solution. The new 
independent variables introduced are 
/
x 23 dx (Ike.) 
•n(x,y) = 
\ (2?) 172 •'0 
Pdy (li+b) 
and the deri'vatives become 
l^=(P-)r%f ̂ ^gll (15a) 
(15b) 
When the new dependent variables 
V = 
2r_ 
(ou)j, \ r̂ ' 




f' = u/u 
e = T/T 
(l6b) 
(16c) 
are Introduced and the transfomatlons are applied, the boundary layer equations beoome the folloving in the 
transformed plane: 
Continuity 
2? Sf_ + i (17a) 
13 
Tangential Mo«nentum Equatlim 
25 5f' ^ /v - ^"\ J_ 3f^ 
^ ^ \ f' / l i e S'H 
f + — ^ J L _ L . 5^f' 
Nomal Momentuia 
|E - (H U r, V25A£)(f ')^ = 0 







n ' c 
e p 
' 'e p e 1=1 




3c. (V - b') 3c. b 
« ' " 5 # ' ^ ^ ^ - -
e 
2" 3,̂  • 9 , 2 3 , ^ ' s ^ e ^ . / wivi " i " V"/" 





where the mass flux (2) in the transfonned plane has been expressed as 
^ b ( 2 ? ) * j , _ , j 
b ^ ,V«| 
and where 
dSyS Tî Pr I 2 - ( "ik 3TI "̂  "T" 3TI ( 
s = -pr ' ^ = r 2^ ^ S. ' î = ̂  ' ^±' ^c^ 2^ *̂ i,k -3^ 
-ILT NI 
e , b = 
c — - \ ' ' ^ 
p 1=1 
•f-Le. , . ,—, 3c , 
1 c -t 
^ k = l 
k / i 
NI c b . 
E P . 1 
1=1 p 
iS 
e = • 
lU 
e dx i=l Cp e 
«ff du du 2§ e e 
P = — "dT •̂  ̂  13r '̂ •̂'̂  stagnation point g = l/(l+j)] 
P e 
T ^ p T 3a. _ 3b. 
./ _ ^ 3 t ;' _ 1 i , / _ 1 1 c/ J-
3b. i _A C _ 1 1 
e 
1 3c 
\ 3TI ' Tig 3r| 
The boundary-layer equations, with the exception of the continuity equation and the normal momentum equa-
tion, are of the following form: 
;J.$-^f-»."-3-U«S = ° (18) 
where W represents any of the dependent variables. The coefficients in the above equation are obtained after 
the boundary-layer equations (17) have been linearized, with the following relations: 
1_ 
f' r' f' \ f' y 
m,n ^ m,n / 
^ ' ^^ '> 'm,n ^'m,n VfVm,n ^'m,n 
NI NX 
E î ^̂ Z") = E 
1=1 1=1 
W. Ah! - eSh. 4 I — J - W. T 9^ - s j i 1 1 i 3 6 \ p / l e m,n 36 
NI 
+ 9 
-1 d i = l 
m,n 
h % ê 
(19a) 
(19b) 
3 /^A ^'i 
(19c) 
i „0 T T ^ 
— = W. - W. c . 
0 i 1 1 
and Wĵ  = e(Wj^/p) (I9d) 
In the above and subsequent coefficients, the quantities without subscripts are evaluated at the point 
(m + fil,n). The quantities In the bracket in equation (19c) should all be evaluated at (m + 9,n) except the 
quantities which are a function of 9 and these should use 6 . The term 3C. /36 has been neglected in the 
subsequent development as it is usually a small term. 
15 
The coefficients in equation (18) become 
Momentum Equation 
where 
a^ = - (V - I')It. 




. ( f ' )2 + ^ 
L •"'" iM J 
+ F 






- ^ / s V \ ^^1 / . f ' \ p f . o M ê-i 
Energy Equat ion 
a-̂  = c ' - c (V + d + b) / (20e) 
( 2 0 f ) 
c (U, 
P ( A2 "^ 
^ -3̂ j • r E 
i = l 
î '̂̂ i - '-h i (?)1 (20g) 
tt), = - f 'V̂  (20h) 
W (T) 4E(^i-rl)f(' 
r = l LV 
CI x 10-^ 
C2 + — ^ 
r T„ K 
. > 
- I D2 + 
Dl X 10"" 
r T„ k] 
] ^ 
1 Species Equation "with L. = 0 
a^ = - (V - b^) /b^ (201) 
°"2 = - ^ / ^ i • ^^°J^ 
a^ = (eW° + ^'i)h>i ' (205̂ ) 
a^ = - f ' / ^ i (201) 
The value of e is determined from the normal momentum equation (17c). For boundary layer flow, equation 
(I7c) shows that the pressure gradient in the x-direction is only a function of x. Therefore, e is constant 
across the boundary layer and equal to -1 when the flow at the edge of the boundary layer is determined from 
the in"viscid body streamline. When swallowing of the in-viscid flow is taken into account, the value of e is 
determined from the edge conditions and the definition of i in terms of these quantities. For the stagnation 
point shock layer, the pressure is constant across the layer. However, there is a variation of the rate of 
change of the tangential pressure gradient across the layer at the stagnation point, which can be determined 
from Equation (17c). "When the pressure is solved from Equation (17c) and differentiated with respect to x, 
the following is obtained at the stagnation point where the velocity gradient behind the shock (see Appendix 
A, equation A12) has also been used. 
For the stagnation point shock layer 
D̂  n / (f')^ dTl 
^ \ /3p _ 1 ) (1 -OD=^ --̂ri I (21) = / ^ = i_ 
/ 3x 2e 
0 u 
e e dx / 3x 2e 
€(1 - i)]^ {(i ^ j)^e^^\s{l -£) + e]}^ 
where 
D = 1 + 
H e J ^ g \}^ ^^ , \v^ d x / J dri " siiCjn^) H, dn [, j \ 
sh 
For boundary l a y e r flow along a body 
sh 
-1 without swallowing 
e = { (22a) 
du /dx 










C. F in i t e Difference Procedure 
The boundary Isjyer or shock layer i s di"vided with a g r id of va r i ab le s i ze AT] and Â  (see Figure 1 ,1) . I t 
i s assumed t h a t f , 9, and c . ' s are known at the g r id po in t s in the m colxrain and unknown in the (m + 1) 
column. In t he present imp l i c i t scheme, the de r iva t ives are replaced with l i n e a r d i f ference q u o t i e n t s , and 
the p a r t i a l d i f f e r e n t i a l equations are evaluated a t (m + 9 , n ) . The equations are wr i t t en with a parameter 0 
which w i l l give the various f i n i t e - d i f f e r e n c e schemes as ind ica ted below: 
9 = 
0 Explicit (not in program) 
-J- Crank Nicholson 
1 Implicit 
With the function W(?,'n) representing the dependent -variables, the difference quotients are written for a 
variable step size in the r|-dlrectlon at the point (m + 9) as 
V 
1.0 •T, 
n = N - 1-"' ir 
n 1 1 
11 T 1 
n 
n - 1 -( 
^ 
| . A ^ 
n = 3 • 
n = 2 I 
n = 1 
• KNOWN POINT 
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+ ̂  
FIG. L I GRID SYSTEM 
iR 
i-(Vl.n-Vn)/^^ (̂ 3a) 
I = ® (^lVl.n+1 * Vm+l.n " °lVl,n-l) ^ ^̂  " «) (^\.n+l * \ \ , n * '^iVh-l) ^̂ ^b) 
5 = '=' f^Vl .n+l * Vm+l.n ^ =2Vl,n-l) ^ ^̂  " ^̂  f 2"m,n+l "̂  ' ' s^.n * <=2\.n-l) (̂ 3=̂  
^2 - ^ 2 / ( A r ^ • A T I ^ _ , ) 
Where 
^ = % - l / ^ % • ̂ ^T^ 
^ = ( % - ^ \ . l ) / ( i \ • % . l ) 
=1 = - ^ ^ n / ^ ^ \ - l • ^^^ 
2̂ = ^/^% • "̂b̂  
h^ = -  
=2 = 2 / ( ^ % . i • Ailx) 
A i ^ = An^ + An^_^ 
ATI = n _ - n 
n n-fl n 
Also the funct ion W i s e"mluated at (m + 9 ) as 
W = W^^i „ -̂  (1 - 0)w„ „ i^^) 
m+l,n ' m,n ^ 
When the above difference quotients and expressions are used with the partial differential equations (l8), the 
finite-difference equations become the simultaneous (involving only one dependent variable across the layer) 
linear algebraic equations 
A W , ,-t-BW,, - f C W , T = D (25) 
n m-tl,n-fl n m-t-l,n n m-^l,n-l n ^ ' 
Where 
n = 2, 3, ... W - 1 
Momentum Equation W = f' 
Energy Equation W = 9 
First Species Equation W = c. 
Second Species Equation W = Cp 
N I - 1 Species Equation W = c _ . 
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The coefficients in the above equations with L. = 0(a. = a = 0) are 
D = ™ - (1 - 9)P 
n m,n 
A = 9A P (26a) 
n n ^ ' 
B = 6 + 9B P (26b) 
n n 
C = 0C P (26c) 
n n 
( A W ,. + B V + C ¥ n l - 1 1 ^a.PATl ATI , (26d) 
Vn m,n+l n m,n n m , n - l / e 3 n n - l 
where 
2AT1, 
^n " A-n^  ( i * n , v \ - i / 2 ) 
K = [- 2 - {^\ - %.i) \^x * ^\%.i^' 2̂] 
2A"n / \ 
'̂n = 1 ^ (̂  - V l%/2) 
m-M=i m+1 ^ ' a 
In the above coefficients the a's are determined from relations (20) where all quantities are evaluated at the 
m column of grid points across the boundary layer 
the following derivative in the energy equation as 
. In the relation (20g) it was found necessary to express 
(^] = (f' .f \(t' -f' \ 
y nT] y y m,n-H m,n-l / V m-̂ l,n-̂ l m-^l,n-ly 
/UAn^ 
It should be noted that the momentum equation is solved before the energy equation in order that the values of 
f at the (m -f- 1) column are available for the above expression. 
From truncation error considerations, the mass fraction in relation (19d) would be evaluated as shown; 
however, such a form can encounter stability problems. Although stability is usually considered to be practi-
9 
cally unaffected by lower order terms as discussed by Richti^yer , in actual computations with finite step size 
these terms can control the stability. As considered by Richtmyer, stability is concerned with what happens 
in the limit as the mesh sizes approach zero. Therefore, such stability analyses cannot be completely satis-
factory when finite mesh sizes are employed. If W. and WT were constants, then it appears that stable 
20 
solutions are obtained without any restrictions on the step sizes. However, W. and W7 are not constant and 
stability problems can occur if the step size becomes too large, but the formulation below appears to minimize 
unstable solutions. In relation (19d) the mass fraction is evaluated at (m + l) for all difference schemes 
and the evaluation of relation (20j) must be changed. For the species equation, the value of ttp becomes 
wj/(*i) in B n 
(27) 
in D n 
The relations (7) for W. and W. are not the appropriate form to employ. The following discussion indicates 
how these terms are modified for several gas models. For a binary mixture of oxygen, the only reaction is the 
first of Equation (87) and relations (7) become 
W° = 2M„ k^^ p-Y„̂  Y„^ (28a) 
i> - ^\ '^ 0̂ \ (28b) 
For the case of an air mixture, reactions U, 5, 6, and 7 contribute to the chemical production term of 
atomic oxygen. In each reaction, either the forward or backward term invol"ves the mass fraction of atomic 
oxygen and allows the chemical production term to be expressed as relation (I9d). Similar comments can be 
made about the production term for other species. For stability and convergence of the finite-difference 
solution, it is desirable that the terms W. and W. be as nearly constant as possible. For the case of oxygen, 
,0 1 1 
the value of M^ is proportional to Yn "̂"i when the oxygen is highly dissociated, the "value of Y^ changes 
2 2 
rapidly for a small change in Yf̂ ) since Ŷ . = (1 - ^r)l^c\ ' Therefore, it was found better to write the terms 
0 J 2 2 
W and WT for oxygen as 
W° = 2MQ k^ PY„ |Y^ ^%-irA =K PYM (29a) f̂^ \ (̂Og " I Yoj = S^ PY„̂  
^ = 2k̂ , '^ \ V ' '̂ f, '"̂M, " (29b) 
1 
For the case of the air mixture, the terms W. and W were expressed in a similar manner to relations (28). 
0 1 ^ -
Then the W. and W. for atomic oxygen were modified by adding M. k PY„ Y^ and k PY^ > respectively, to 
these terms, as has been done in relations (29). 
A carbon-air gas mixture with the air reactions (§7) and the additional reactions, 
r = 8 : CO -̂  0 -̂  Mf̂  ̂  CO^ -̂  Mĵ  
= 9 : COg + 0 ^ CO + 0^ . ,-
i s now considered. The parameters for the product ion terms for CO and C0„ as determined from Equation (7) are 
w = ^ \o\o^\ 
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i<\ - \ P' Vo Y„^ + k^^ PYo^ = Wg 
= M Y W 
C0„ TO 2 
'7 
<Bie Eibove parameterB aafe modified 1^ adding q u a n t i t i e s which give terms Involving t h e following 
c 
^ " "'cO "̂  "̂ COg 
Since Y is the mass concentration of the element carbon, in any small region of the flew this quantity "will 
be nearly constant. The production term parameters become 
"co = ("?o)^ * "co \o \ - \o Y S (30a) 
"co = (^co), " " i (30b) 
COg V™2/ "co, ^co, \ - \o, Y% (300) 
7 
^ - 2 ^ ( " - 2 ) ^ ^ "̂  
2 (30d) 
The above production term parameters are more nearly constant and numerical results are obtained without 
stability problems. 
To complete the system of Equations (25), the boundary conditions are required and are written in the form 
B.,W , , -̂  A,W , „ -̂  W , , = D, ' (31a) 
1 m-̂ l,l 1 m-fl,2 m-fl,3 1 
W , „ ^ + C„W , „ T + B„W ., „ = D„ (31b) 
m+l,N-2 N m+1,N-l N m-̂ l,N K ^ 
The determination of B,, A , D., C , B and D^ for the various governing boundaiy conditions is given in 
Chapters III and IV. 
The difference equations (25) and the boundary conditions (31) form a system of linear algebraic equations 
of the trldiagonal type. These are readily solved with the standard technique which has been discussed by a 
number of authors. The particular relations employed in this study are now presented. The boundary condition 
parameters at the wall A., B. and D, are determined, the boundary condition parameters at the outer edge B , 
C„ and D„ are determined, and the coefficients A , B , C , and D are determined, from (26) across the layer 
N N n' n n' n > v ; 
for N = 2, 3, ... N-l. The following parameters are determined from the wall to the outer edge of the layer! 
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1̂ = - (=2 - ^2\)'^ (̂2 - *2^) (32a) 
1̂ = (̂2 - A2\)'' ('̂2 - V l ) ^32b) 
E = - (c E , + B V"'' A \ (32c) 
n y n n-l nJ n I 
. , . n = a, 3, ... (N-l) 
e = (c E , + B 1" (D - C e , 1 I (32d) 
n y n n-l ny \ n n n-l/ I 
The dependent variables are then obtained from the following relations where the solution starts at the outer 
edge and proceeds toward the wall: 
W , m+1 ,n = [(^-1 - S - A ) ̂  («N-1 - S-lS) ̂ -l] [('N-I - S - A ) - (\i-l - '̂ N-lSĴ N-lJ (33̂ ) 
Vl,n = =nVl,n+l " ̂n " = ̂ 'l' ̂ "̂  ^ (33̂ )̂ 
For the case that relations (31) are replaced "with 
% V l , l ^ ^ V l , 2 = " l (3̂ *̂ ) 
Vm+1,N-1 " ' ^ N V I . F = ''N (3^*^̂  
The relations (32a), (32b) and (33a) become 
Ej_ = - B̂ '-"- Aj_ (35a) 
^1 = ̂ l"^ \ (35^) 
Vl,N = (̂  " ̂ N^-l)"' ("N - V N - I ) (35=) 
When the conser"vation equations are uncoupled and the dependent "variables are solved one at a time, the 
order in which the "i/ariables f , 9, and c, 's are sol"ved must be chosen. The present investigation has shown 
that the species equations should be solved before the energy equation. The mass fraction of species obtained 
from the solution of the species equations are used in Equation (19d) to evaluate the chemical production term 
which is required in the energy equation. The terms W. and WT are not recalculated in Equation (19d). 
The transformed velocity V remains to be determined and is obtained from the continuity equation which is 
written in finite-difference form as 




a = 1 + 
dri dri e 
"dT ~ dT 
/2. ^ \ \ 
V^n+9 
'7R^/[(-)r"e^b^^J 
In the foregoing finite-difference procedure, the coefficients a , ttp, a_ and a, (see Eqs. 20) have quanti-
ties which should be evaluated at (m + 9) but must be determined with the known quantities at m. With this 
procedure employed, the dependent variables at (m + 1) can be determined and the method is first-order accurate 
(truncation error is of the order of the step size). The quantities at (m + <^) can now be evaluated with the 
use of equation l2k) and the calculation of the dependent variables at (m + l) determined again. If 9 = -ĝ, 
this Iteration procedure will make the method second-order accurate. This is only true if the modification 
to a„ as given by relation '27'! is not made. Also for certain derivative type boundary conditions with 9 = -j, 
stability problems can be encountered. Therefore, the present method does not use iteration at each step and 
hence is of first-order accuracy. The program is set up to handle 0 < Pi s l but generally a value of 9 = 1 is 
recommended. 
To start the boundary layer solution along the body or to obtain the shock layer solution at the stagna-
tion point, profiles of the dependent variables are required across the layer. At a stagnation point or at 
the tip of a sharp body ^ = 0 and the partial differential equations (17) become ordinary differential equations 
These equations can be solved with nearly the same finite-difference procedure employed for the partial dif-
ferential equations and the coefficients (26) of the difference equation (25) are the same except the following 
quantities become 
P = 1 0 and F = 0 (37) 
When ? = 0, the values of e and e are of indeterminate form and require special consideration which gives 
0 (tip of sharp body) 
2r 
u dE/dx 
(1 ^ 3)du^/dx (8t««natlon point) 
where for a blunt body 
(boundary layer with swallowing) 
(boundary layer-Newtonian pressure) 
^s_ 
- ^ ls(l - €) + e (shock layer) 
(38a) 
(u /x) , ^ , , 
^ e edge table 
{38b) 
[ ° e ( \ S ) /(^2)] =-|PeM)]'/[Pe^-PeH 
and p is defined by 
Pe = Pe - P2 i^/^f + .. 
2U 
In the evaluation of e, the value of u and p at the sixth entry in the edge table is employed. For a sharp 
body the quantity g/e should be employed and this is determined when ? = 0 from equation 22b. 
The evaluation of V for the initial profiles requires that equation (36) be modified. The continuity 
equation (17a) with 5 = 0 is integrated to give 
\ - \ I f ^̂  
•'o 
In finite-difference notation and consistent with equation (36). the above becames 
\ l = \ 
(39) 
= lf - i n An If' + f \ n = 5 . ' 5 . . . M 
0,n+l ^ — = ^0,n - I W l (^0,n+l ^ ^O.n) " = 2,3, . . . N 
When the difference equations are solved for the initial profiles of the dependent variables, initial 
estimates of the dependent variables, W, are required to e"valuate the coefficients a,, a- and a. as given by 
equations (20). The terms with subscript (m) and the other quantities which should be evaluated at (m + 0) 
are all evalxiated "with the initial estimate of the variables. For a first estimate of the profile variables, 
the procedure given below can be used if better "values are not a-vailable. For the velocity profile f , the 
Blaslus result can be assumed or some pre"viouBly determined profile employed. The transformed velocity V is 
determined from equation (39), The temperature in the boundary layer is estimated from a second degree poly-
nomial. The coefficients of the polynomial are specified such that the edge and wall temperature conditions 
are satisfied and the temperature gradient at the outer edge of the boundary layer is assumed zero. With 
these conditions, the temperature profile is obtained from 
e = e„ + (1 - e„) (^] (2 - VnJ Ĉ o) V (t) 
The species profiles for the non-equilibrium case are determined by assuming the flow is frozen (w./p = 0) and 
local similarity applies. In addition, binary typo of diffusion is assumed and i • Pr • Le = 1 which allows 
the following relation to be obtained 
( \ - \ ) ' ' 
ĉ  + (o, - c, U . {hi) 
The mass fraction of species at the vail, CJ , in the above relation is determined corresponding to the bound-
b 
ary condition being employed. 
Since the calculated variables, W, will most likely be different from the initial estimates, <5, the solu-
tion la repeated with the ooeffiolents (20) evaluated with the calculated variables. This procedure is re-
peated until the difference between the calculated end assuBied variables Is a small number. This Is expressed 
|l . (?/w| < e 
where W is any of the dependent variables. For some problems it is necessary to weigh the usiimed and calcu-
lated solutions to obtain a new assumed solution for the next iteration as follows; 
V w = « + '»'(W - ff) . (1*2) 
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The weight factor w should be 1 for fast convergence of the iteration procedure hut values of approximate-
ly 0.1 are required for some cases to make the procedure stable. 
The method of nonlinear overrelaxation (see Appendix B) has also been used to solve Equation (l8). An 
investigation was made for a binary gas of oxygen to compare the nonlinear overrelaxation method with the 
finite-difference procedure. It appears that the finite-difference procedure generally converges faster, as 
one would expect. For example, for a linear ordinary differential equation, the finite-difference procedure 
would give the solution directly, while the nonlinear overrelaxation method would still require an iteration 
procedure. The nonlinear overrelaxation method, however, will probably give convergent solutions for cases 
where the finite-difference method diverges. 
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III. Species Boundaiy Conditions at the Wall 
A. General Relations 
The appropriate form for the boundary conditions has been given in equations (31) or (3'+). The boundary 
conditions for the momentum and energy equations [conditions (8a) and (8b)] are readily written in the form of 
(31+). The boundary condition at the wall for the species equations was given (Equation 9) as 
m^ = c^Pv + j^ (U3) 
where all terms are evaluated at the surface. The mass flux of species i at the wall is expressed as 
^ = Pi - Qi (c,) (kk) 
b 
where the values of P. and Q. depend on the surface material characteristic and are considered subsequently. 
T The relat ive mass flux with L. = 0 i s written as 
i w ( % ^^ ^ 
where 
Pr y2E 
ff = —^ J at 5 » 0 , ff 
( t ip of sharp body) 
-L (PU) r^ u I / / ~~Su 
^ ' {1>r/l\ \J{1 + J)(Pu)r -^ (sta«natlon point) 
k/i 
For a trsoa ipaoles (0. < 10 ), the term At. Is neglected in relation (U5). The derivative in the above 
•iQreasloni li mitten as 
VWX' ^ \ * ̂3°l2 * °3°l3 * ̂  ̂ 1̂ ̂ ^̂ 1 "^S^"^ ' '•' <^' 
where 
i j - - (ATig + 2ATij_)/Anj_(An;L + ATig) 
b j - (ATI^ + Ang)/An3_ ATig 
Oj - - Ari^/Arig (Arî ^ + AT|g) 
The above relatlona (1+3) through {k6) can now be employed to detennlne the wall boundary condition coefficients 
A., B. and D. In relation (31) for the species equations. These same coefficients for the momentum and energy 





\ = ° 
B = 1 and D^ = 0 
B^ = 1 and D, = T,/T 
1 1 b' e 
A3_ = - (1 + An^/ATl^)^ 
Aiip r ATI -n w 
Sl = A^[2-An^-Li7(^\^^V(P^- V 
+ Arig)(W P^ + Ab^) 




The above coefficients are used with relation (31). The quantities in the above relation should be evaluated 
at (m + 1) but are determined at (m) to avoid an iteration process. 
The boimdary condition that is used with the continuity equation (36) is 
2F (Pv), 
(pu) u r, •' ^ 'r e b 
{k8) 
The total mass flux (Pv), is determined from the sum of the individual species mass flux as given by equation 
(11) where equation (kk) is used to determine m.. 
The mass flvix of a species at the surface can be due to the phenomena Illustrated in Figure 3.1. 
Q̂  ® 0 
^Mt4 
® 
FIG. 3.1 - aURFACE FHEHOMEHA 
(1) Catalytic reactions with no net mass transfer such as recombination of atoms. 
(2) Heterogeneous reactions such as the oxidation of carbon or metals by oxygen. 
(3) Mass transfer through the surface as occurs with transpiration cooling and pyrolysis gases, 
(k) Vaporization and sublimation of the surface material. 
B. Catalytic Surface Reactions 
The chemical kinetics of heterogeneous catalytic reactions is exceedingly complicated, and knowledge of 
the details of the phenomena is inadequate. With the exception of certain atom recombinations on a limited 
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number of materials as obtained from experimental results, the relations required to predict the mass flux of 
the various species at the surface are not available. The usual procediore employed in fluid mechanic investi-
gations has been to assume the wall is non-catalytic or "fully" catalytlCj which gives the two extreme condi-
tions^ with the actual situation in between these limits. For a non-catalytic wall, the mass flux of all the 
species, m , are zero. The appropriate conditions for a "fully" catalytic wall and a clear definition of 
what this expression means is not given in the literature. 
Therefore, a fully catalytic recombination surface for a diatomic gas is such that every dissociated and 
ionized species that strikes the surface is converted to a molecular species due to the heterogeneous reactions. 
The gas near the surface tends to be undissociated and un-ionized according to this definition of a fully 
catalytic surface. It should be noted that some materials under certain conditions atomize molecular species 
10 * 
upon contact with the surface so that one could also consider fully catalytic dissociation surfaces. 
For a wall at low temperature, the above definition of a fully catalytic wall is nearly in agreement 
with other relations employed, such as, the gas is completely undissociated or the gas composition corresponds 
to the equilibrium value at the surface temperature. For higher wall temperatures, the later type of relation 
can be substantially different from the present proposed relation for a fully catalytic wall. 
The boundary conditions on species mass flux at the surface for air for the two extreme cases can be 
expressed as 
Hon-Catalytlc Wall 
Fully Recombined Catalytic Wall 
^^"i^M 2 T. K. 1 - 0 , N, NO 
^ ' °2» "2 
4j = 0 1 = 1, 2, . . . NI (49) 




a. = amount of element j in species 1 
For a pure air boundary layer flow with a "fully" catalytic recoaiblnatlmi surface, the heterogeneous 
reactions axe expressed phenomenologically in the following form: 
20 -»02 
2N -» Ng 
SNO"̂  + 2e" -* Og + Ng 
With the use of (1*3)) the values of P. and q. become 
* The fully catalytic recombination should only be used when the wall temperature is sufficiently low 
















% ° ' ^h\l 2 n MQ 
RT^ 
b V 2 n «N 
M 0 = ° 
RT, 
= - P. ̂  ' ^ 
(51) 
2 
^H, = - = A - °H0̂  %0* % = 0 
2 i.g 
If a fully catalytic dissociation wall is defined as a surface where molecular species that hit the sur-
face are dissociated (0- -* 20 and H„ -» 2N), the above relations become 















«0 = ° 
«N = ° 
^ = ° 






V 2 n M Q 
/ « T b 
^ / 2 n M ^ ^ 
(52) 
If a catalytic wall is interpreted as the condition where the gas is in chemical equilibrium, the boundary 
condition cannot be written in terms of P.'s and Q.'s. The relations (UTC) are replaced with the following: 
A^ = 0 
B^ = l 
D^ = C. 
eq 
The quantities c. are determined from the equilibrium composition of the gas corresponding to the surface 
^eq 
temperature. The exact application of this condition Is difficult to apply since the element composition 
is not known generally at the surface, 
C, Heterogeneous Reactions 
The appropriate heterogeneous reactions that can occur at a surface depend on the surface material ooajio-
sition and the chemical species available in the boundary layer flow. 
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For a graphite surface, the following oxidation reactions are considered: 
(1) 2C(S) + Og ̂  2C0 
(2) C(S) + 0 ̂  CO 
The detail chemical kinetic mechanisms occurring are not understood for this relatively simple system and many 
additional chemical species can produce gasification of graphite. 
The mass flux of the chemical species at the surface are zero except for the following: 
M„ 
°2 / "'b 
M. / RT. 
*co = -T^(*Og^*o) (530 
where 
flux of carbon atoms away from surface ,. n o "l 
i " collision flux of i with the surface "• '^ ' 2' 
There have been a large number of experimental papers concerned with the oxidation of carbon or graphite, but 
adequate information to estimate the oxidation probabilities e_̂  and e is not available. The best information 
2 11 
available on these quantities can be obtained from Rosner and Allendorf , but the range of applicability is 
limited. 
The parameters in equation (kk) become 
Pj = Qj = 0 (all 1 except 0„, 0 and CO) 
% -
P Q - O 
^co--^ («Og«Og*Vo) 
\ -
« 0 " 





For non-volatile oxidation of a metal the o:Qrgen in the boundary layer flow la absorbed. If It 1B assumed 
that only oxygen In the form of atomic and molecular on^gen will react with the metal, then the mass flux of 
these species con be expressed as 
RT 
*0=-'oPb\/rnTr°0 (55a) 
In thli relation t. is the flux of species 1 absorbed on the metal divided by the collision flux of species 
1 with the surface. The mass flux of all the other species Is zero. The parameters in equation (kk) become 
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p. = Q. = 0 (for all 1 except 0 and 0„) 
Po = 0 ; Q^ = - e ^ p ^ y ^ ^ ^ (56) 
% = ° ' \ = -^OgPbV2^o 
2 
D. Injection of Gases 
Some types of materials decompose and form pyrolysis gases which are Injected in the boundary layer flow. 
The amount and composition of these gases are assumed known and can be obtained from an ablation program. The 
present approach is to uncouple the boundary layer problem from the ablation problem but an iteration proce-
dvixe could be employed to couple the present nonequillbrlum boundary layer program with an ablation program. 
The species mass fraction of the pyrolysis gases is determined by assuming the gas is in equilibrium at the 
siu-face temperature, with the amount of the various material elements in the pyrolysis gas determined from 
composition of the original material. With the total mass flux of the pyrolysis gas assumed known and the 
composition determined from the equilibrium composition, the mass flxix, m., of the various species of the 
pyrolysis gas can be determined at the surface from 
*i = (=1J (P-)p (57) 
When the composition of the pyrolysis gases are known from experimental results, the above relatiom (57) can 
be replaced with this Information. The parameters in equation (kk) become 
= {\X \ = K (p")p 
(58) 
Qi = 0 
When a surface uses t r a n s p i r a t i o n cool ing, the mass f lux of the indiv idual species can be determined a s -
suming the In jec ted gases are in chemical equllibrixmi. Again i t i s assumed the t o t a l mass f lux of the gas i n -
j ec t ed i s known. 
E. Evaporation 
The sublimation of a m a t e r i a l r e s u l t s in the evaporat ion of a surface species which i s written as 
^ Pe \ 
^ v/2 TT M. RT, 
^ l b 
(c. - c.$ 1 (59) 
where 
a = condensation coef f ic ien t 
c. = mass f r a c t i on of species 1 corresponding t o the equi l ibr ium vapor pressure 
^SV 
$ = co r rec t ion fac to r for non-equil ibrium evaporation 
The usual r e l a t i o n employed for non-equil ibrium evaporat ion i s the above re lat ions with $ = 1 , A more 
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3 12 13 
appropriate relation is the expressions which la considered in detail in Reference 3. The parameter 4> 
Is introduced to modify the relation that is usually applied to obtain the number of molecules hitting a sur-
face with zero mass transfer at the surface to the case with surface mass transfer. In the first case, the Max-
wellian distribution function is for a gas at rest while a more proper form is the Maxwellian distribution for 
a moving gas. The parameters in equation (1*1*) become 
a. p M, c. 
^ ^ ^ ^SV 
^ •J2 TT Mj_ RT, 
b 
(60) 
a. p fl 
^ y 2 n M, RT. . l b 
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rv. Boundary Conditions at the Outer Edge. 
A. Boundary Layer 
The conditions at the outer edge of the boundary layer depend upon the shape of the body and the resulting 
invlscid flow field. The present work is concerned with slender bodies with a sharp tip or with a blunt nose, 
Ik 
For a sharp conical body, the edge conditions can be determined from perfect gas solutions as given by Kopal , 
Sims and Jones , or equilibrium solutions as given by Romig and Hudgins , For slender cones at velocities 
below 25,000 fps, the Invlscid flow is only slightly dissociated and perfect gas or equilibrium solutions give 
nearly the same edge conditions. The conical solutions give edge conditions which are constant along the body. 
For a blunted body, the edge conditions for the classical boundaiy approach (invlscid streamline along body 
is used as edge conditions) can be obtained from the non-equilibrium invlscid flow or from the following equa-























The initial conditions for these equations are the temperature, pressure, and equilibrium composition at the 
19 stagnation point,which can be obtained from Lomax and Inouye for a number of cases. These equations then 
can be solved along the body if the pressure distribution is known. As a first approximation, the Newtonian 
pressure can be employed and more appropriately the pressure obtained from an invlscid flow field solution 
should be used. The chemical model employed for the flow field solution will only have a small effect on the 
pressure distribution. 
The employment of the classical boundary layer approach is especially questionable for chemically reacting 
flows on blunted conical bodies. When the body streamline flow is determined for this type of body, the gas 
will remain dissociated and ionized at large distances downstream from the nose. The appropriate boundary 
condition at the edge of the boundary layer at large distances downstream is the same as the sharp cone edge 
conditions of undissociated and un-ionized air. Therefore, the appropriate edge conditions on a blunt conical 
vehicle require that the swallowing of the invlscid flow be considered with the appropriate non-equilibrium 
solutions of the streamlines entering the boundary layer employed. 
The point at which a streamline crosses the shock wave, r , is determined by matching the mass flow in 
the boundary layer with the mass flow entering the shock wave which gives (see Figure k.l) 
sh 
'2? 
•''0 \ b̂ / P-̂ - Jo 
(pv)^ r^ dx (62) 
3k 
• X 
FIG. 4 .1 - BODY GEOMETRY 
The right side of this equation is evaluated at x = x^ which is the location along the body where the stream-
line enters the boundary layer. 
There are a number of ways to obtain the non-equilibrium invlscid flow. The simplest method is to assume 
the pressure across the shock layer is given by the Maslen relation and use the pressure behind an assumed 
shock-shape and the body pressure to estimate the pressure along streamlines. The length of the streamline, 
s., can be estimated as 
\ = V^*^ " (̂ L - ̂ sĥ ^ 
where 
5 = boundary l ayer th ickness a t s tagnat ion po in t 
A = shock wave s tand-off d is tance 
A» = A - 6 
x^ = d i s tance along body where the s t reamline en t e r s the boundary layer 
X = d is tance along body where the s t reamline crosses t he shock wave. 
The condi t ions behind the shock-wave which are obtained from the frozen Ranklne-Hugonlot r e l a t i o n s a re 
used as i n i t i a l condi t ions t o s t a r t t he so lu t ion of the streamtube equations ( 6 l ) , When the so lu t ion along 
the s t reamline i s obtained t o s , , the condi t ions a t t h e edge of t he boundary layer w i l l be known a t x^ , The 
t o t a l v e l o c i t y along t he s t reamline U i s known and the des i red boundary condit ion Is u which can be obtained 
from 
u =Jl^ - V 2 
e 
The value of v is obtained from the boundary layer solution with the relation 
P V <3r J-'^^ dy 
p V = - -. ^ . -4!— + P u !l£ (63) 
^ ^ 2^ (r^ + y^ cos 6̂ ,)̂  dx e e dx 
A more accurate procedure would be to employ an invlscid flow field solution to estimate the length and 
pressure distribution along streamlines. Then this procedure would follow the approach given above. The most 
accurate procedure is to employ a nonequillbrlum flow field program to obtain the invlscid flow where the 
thickness of the boundary layer is added to the body to give an effective body shape. Also, there is mass 
transfer across this effective body shape such that the mass flow between streamlines is conserved. From such 
a solution, the edge conditions for the boundary layer flow along a blunted vehicle is determined again and 
a new value of the mass flux in the boundary layer is obtained. If the mass fliix is nearly the same as the 
previous result, the solution is considered converged. Otherwise, new edge conditions are determined and a 
new boundary layer solution is obtained. This process is repeated until convergence is obtained. 
The conditions at the edge of the boundary layer u , T , p , and c. 's (air species only) are generally 
e 
a function of x. As analytical expressions are not usually available, a table of the edge conditions as a 
function of x is employed. The Lagrange's interpolation formula (parabolic form) is used to obtain the edge 
conditions and the derivatives of the edge conditions. Let y represent any of the edge conditions and sub-
script "i" will indicate the position of the variables x and y in the table. The Lagrange Interpolation 
formula gives 
, , (^ - ̂ i^(^ - ̂ ^ 1 ^ . ('M - ̂ 1-1^(^ - ̂ . 1 ^ . (^-^i-i^(^-^) 





' (^-^i \^ (^ -^i^ij 
(̂ i.i - Xi)(x^.i - x.^^) ' 1 - 1 
( ^1 - ^ 1 - 1 ^ ^ ( ^ - ^ 1 ^ 1 ^ ^ ^ 
(X. -X^_^)(X. -x^^^) J^i 
( ^ -=^1 -1^ ^ ( ^ - ^ i ^ 
(^i+1 - V l ^ ' v l - ^ 1 ^ ' i+1 
(6ltb) 
where 
^1-i ̂  ̂ ! ̂  ̂ 1+i 
The edge conditions at (m + -J-) are required for the evaluation of the parameters that are employed in the 
finite difference procedure. Therefore the following approximation Is made for the edge conditions at ? i 
m+2 
and it should be noticed that this point is not the same as (x + -g- Ax): 
^nni = 2 (̂ m+1 ^ ̂ m^ 




y = p , u , T or c. 
^e e e i 
Additional quantities which are required and are a function of the edge conditions are the following: 









If -Tĵ  i lo'", then relation (66d) i i replaced with e » - 1 . 
B. - and r, 
b 
In solving the boundary layer equations, the finite-difference procedure is applied in the transformed 
?, T\ coordinate system. The results must be related back to the physical x, y coordinate system. Also the 
edge conditions are given as a function of x and are required for the finite-difference solution as a function 
of '', The procediire of specifying Ax(x •. = x + Ax) and then finding A'' has been employed. The transformed 
coordinate F is related to x by the ordinary differential equation 
Si = (qa) u T^i . 
dx ^^^'r e b (67) 
For a sharp cone of half angle 9 , the radius of the body is 
r, = X sm 6 
b c 
(68) 
and for a flat plate or sharp cone the following is obtained: 
^ = •- ̂  - • (Pu)g u^ (sin e^)^^ x^"2-^ 
(1 + 2j) 
In this relation the conditions at the edge of the boundary layer are assumed constant (no interaction with 
the invlscid flow is considered) and (pu) is evaluated at the edge. 
For a spherically blunted conical body of nose radius R^, the body radius is 
r^ = \ sin (x/Ejj) for 0 ̂  x s Rĵ cp̂  (69a) 
r^ = Rj, ( s in cpg - cp̂  s in 9^) + x s in 9^ for x > R̂ cPg (69b) 
where 
90 - e„ 
_ c 
^s " 57,29578 • 
For a hyperboloid with nose radius R^ and asymptotic half-angle fl , the radius of the body must be ob-





1 . (r^/Ti^f ten^ 9, 
(70) 
The so lu t ion can be obtained with any of the standard methods, such as the Runge-Kutta or P red ic to r -Cor rec to r , 
For t he value of ? as a function of x , t he ordinary d i f f e r e n t i a l equation (67) has t o be solved niuneri-
ca l ly for most body shapes. When the Runge-Kutta method i s applied t o t h i s equation the following i s obtained: 
^ , = " + A? m+1 m 
(71a) 
where 
A? ^ AX L x J + UX(x^ + I Ax) + X(x^ + AX)] (71b) 
X(x ) = 
m 
(fV)r "e -b' (71c) 
The value of I at (m + ̂ ) can be obtained from 
^m4 = Sn " î ? • (̂ 2) 
C. Step-Size Ax Specification 
An indicated earlier, the step-size Ax is specified and then A? is determined. For many problems it Is 
advantageous to change this step-size in order to reduce the computation time. An automatic procedure has not 
been developed to change the step-size; but from experience, the following procedure has been successful: 
•^m+l ° '^m •" '̂  m = 0, 1, 2, ,..M (73) 
= (Vi - \'> • 
In order to obtain the solution at various values of x, the distance along the body i s broken Into major In-
tervals with coordinates denoted by x. and 1 = 0, 1, 2, . . . I . At X. the solution of the governing equations 
is obtained. Between X. and X the interval is divided into M. steps which are of variable size as given 
by relation 73 and this is i l lustrated in Fig. k,2. The value of x and Ax are obtained from 
m m 
\ +m = \ * »1 '̂'m +1 * ^ ' ° l ( ° l • ^̂  °1 = ° ' ^' 2 ••• " l Ĉ "*̂ ^ 
0 1 0 o 
^ \ +m, ' ^ \ +1 * *(°1 • ^' " l = ^' 2. ••• (Ml *1) (̂ '•1=) 
0 1 0 
The number of steps M. between X. and X . ^ must be chosen and, of course, must be an Integer, Therefore, the 
parameter C must be chosen such that the Interval between X and ^j^^ Is divided Into an even number of steps. 
The values of M, and c are determined by specifying the X, and estimating the Ax ^̂  desired at the beginning 
of the Interval. The following equation Is obtained from (7ltb) where 6 Is Introdficed as Indicated: 
e M, /^m +M,+l\ 
S - T T ^ - l - .1 ' - 2 (75) 
% + i V ^"'+1 
o \ 0 Est 
Equation (,7k».) is used to obtain 




The above relation for M. will not give an integer value; therefore, the calculated value is rounded off to 
an integer. With M. known, equation (76) is used to determine 5 as 
6 = (2B + 1 - 3M^) / (M̂  - 1) (77) 










Ax m. = 1,2,...(M. +1) m+1 1 ' 1 
o 
(78) 
The result of applying the foregoing relations Is illustrated in Table I-IV. The values in the second inter-
val cannot be determined until the values in the first interval have been calculated. 
A geometric progression has been used previously to vary the step size and this can be recovered by 
taking 
6 + 1 = 2M. 
1 
Then the step size becomes 
Ax^^ = (2m̂  - 1) Ax^ m. = 1,2, ... (M. +1) 
and the total distance along the body becomes 
X,, = X + Ax, M. 
M. o 1 1 
D, Shock Layer 
The flow at the edge of the shock layer is obtained from the modified Rankine-Hugoniot relations, 
20 
These relations have been given by Cheng and correspond to a one dimensional shock wave with gradients of 
21 22 
the flow properties behind it. It has been shown by Cheng and Tolstykh that these relations are also 
valid for a curvilinear shock wave if the shock thickness is much less than the radius of curvature of the 
shock. This requires that R » 1 for the following relations to be appropriate: 
s 
^Bb = Poc + °J^ ('-y 
sh 




D p T . M 
_x yj S h °c 
D_h p , T H , sn ^sh 00 sh 
(79d) 
ito 
where the s l i p t e m r are 
A^Y 1. d_ /v\ 
sh 
Sh " S_/P3h + V 
s h \ 
c T 
Pr 
de 1 «i^ r dc, ^ . dc, 
— + — > h, Le, — i + > ib —^ 
dn x * ^ i [ i dn Z5/ i^ ^ 
M l Ish 
The above slip terms are not known until the viscous shook layer solution has been determined and thus an 
iteration procedure is required in the solution. In order to locate where the above modified Ranklne-
Hugonlot relations (79) are to be applied, the interface behind the shock transition zone is defined as where 
21 
the usual Rankine-Hugoniot pressure jump is completed as used by Cheng. The foregoing relations (79) are 
solved with S = S^ = 0. An iteration process is used to solve these equations where, initially, (o /D , ) is p h ™ &n 
assumed zero and the denominator in Equation (79c) is taken equal to 7000, For this solution the mass frac-
tion of species across the shock axe taken constant and provide the usual Rankine-Hugoniot pressure. For 
the viscous shock layer solution, the above equations (79) are employed with S. included but with equation 
(79a) replaced with the previously determined Rankine-Hugoniot pressure. The velocities behind the shock are 
sh 
= -(0 / 0 , ) V and u 
sh sh 
The mass fraction of chemical species is also required at the interface 
which requires the solution of the species conservation equations across the shock transition zone. When 
chemical reactions are neglected in the shock transition zone, a relation for the mass fraction of a chemical 
20 
species at the interface is readily obtained and has been given by Cheng. The present analysis neglects 
the chemical reactions and pressure and thermal diffusion effects in the shock transition zone. For air 
flows, the neglect of the chemical reactions is a reasonable assumption as the results of Lee and Zierten 
21+ 
and Chung have shown. Also Chung states that the thermal and pressure diffusion of atoms are in opposite 
directions and the neglect of these effects does not imply an excessive approximation. The transformed 
velocity V , behind the shock has been determined in Appendix A, and its value and the other boundary condi-
tions at the outer edge of the shock layer become 
V(n^) = - {« RegD/(l + j) [B(1-B) + e]]2 
f(n,) = 1 




C.(TI ) = c — 
1' 'e' 1^ Pm V e sh 
NI 
dc Y-> = dc 
Le. — i + > Ab — -
1 j„ ^ ^ ik . 






For the shock-layer flow, the value of T| = TI IS determined from 
% = - V(TI^)/ / f'dn (80e) 
e ^ JQ 
When equation (39) is used to solve tos V(r|), the relation (80a) is satisfied. 
AX 
'̂ m^ ^m„+l '̂ m„+2 '^m+3 '̂ m^+M. ^m+M.+1 
0 0 0 0 0 1 0 1 
m 
FIG. 4.2 - VARIABLE STEP SIZE NOTATION 
TABLE l-IV 

































V. THERMODYNAMIC AND TRANSPORT PROPERTIES AND CHEMICAL KINETICS 
The relations presented in this chapter generally apply for an arbitrary gas model. The data required to 
apply these relations Is given for the case of a 7 species slightly ionized air mixture. 
A, Enthalpy and Specific Heat 
The thermodynamic properties of enthalpy and specific heat of a species "1" are obtained from tabulated 
values. A table of C, and C„ as a function of temperature is obtained from the tabulated values of enthalpy 
25-27 
and specific heat as given by Browne ^ ' where 
_ 1+9686 /H - H*'\ 
'^l^ 1,98726M. \, T ; 
_ 1+9686 
^2^ ' l,98726Mj^ '^^ 
The variation of the enthalpy and specific heat of the various species with temperatvire is given in Figures 
5.1 and 5.2 as obtained from Browne. The enthalpy and specific heat of species 1 is obtained from the fol-
lowing relations! 
h^ = T.Cj^ + Ah* (ft-lb/slug) (81a) 
C = Cg ( f t - l b / s l u g °R) 
^1 i 
(81b) 
where a second-degree Langranglan i n t e r p o l a t i o n i s used in the t a b l e look-up for C, and C„ . The heats of 
i 1 
formation are given in Table 5-1. 
B, Viscosity and Thermal Conductivity 
The viscosity and thermal conductivity of the gaseous mixture is calculated from Wllke's semlempirical 
relations (see references 8 and 28 for this and other approximate expressions). 
NI x,u. 
-=.S, -Nf^^-(-°°^°8855) ( ^ 
^ ^j'lj 
j=l ^ ^ 
(82a) 
NI X.k. 
k= E ^ ' 
1=1 NI 
(103,8731+21+) 
j ^ i '^' 
\ sec °E ) 
(82b) 
where 








(gm-mole \ cm sec / 
29 It has been pointed out by Fay that the above mixture rules are inappropriate for partially ionized gases. 
Therefore, only slightly ionized gases are considered. The viscosities of the individual species 1 are obtained 
from a curve fit relation 
C /A In TK + B \ 
^1 \ ^1 '̂ l 
^^1=^ ^TK^ ^ - , ^ ^ (83) 
where A , B , ajid C are curve fit coefficients and are given in Table 5-II for the various chemical spe-
cies. The data that these coefficients are based upon was obtained from references 30 to 33. Since the gas 
is only slightly ionized, the amount of NO is small and it will not effect the mixture properties. The var-
iation of the species viscosity with temperature is given in Figure 5.3. 
C, Multlcomponent Diffusion 
The multlcomponent Lewis-Semenov numbers were obtained from relations given in Reference 34, which are 
written as 
M. 
L. . = F. . - ~f.. (81+) 
13 ij M. 11 
The quantities F.. are coefficients in a matrix which is the Inverse of the matrix with the following coef-
ficients: 
c. NI c. 
i. = Z^ + M. E M ^ i ^ i (85a) 
4̂ 1 
F^ = 0 1 = j (85b) 
The binary Lewls-Sanenov numbers are obtained using the def in l t icm and binary diffusion coe f f i c i en t s which are 
expressed as 
A = ( J . . /p) 1,0761+ X 10 '3 ( f t ^ / s ec ) (86) 
i j i j 
where 
p = pressure in atmospheres 
K C „,iA In TK + B) , 2 . , , 
.5. . = e TK (cm atm/sec) 
The above expression for 3.. was used t o cu rve - f i t t abu la t ed binary diffusion coef f i c ien t s given by Yos . A 
rev ised t a b l e of values was used for the NO-NO i n t e r a c t i o n as given in a l a t e r paper by Yos . The c o l l i s i o n 
cross sec t ions for t he atomic and molecular i n t e r a c t i o n s i n these r e s u l t s were obtained from ca l cu l a t i ons of 
Mason, e t a l . ' Some of the In t e r ac t i on cross sec t ions were ca lcu la ted as averages of the other i n t e r a c t i o n 
1+5 
cross sections, while the cross sections for the interactions N-O^ a^d N-NO were assumed the same as N-N 
Also, the interaction cross sections for NO^ with a neutral species have been taken the same as the N-O^'and 
0-N cross sections. The curve-fit coefficients for the various binary diffusion coefficients are given in 
Table 5-III, 
D, Comparison of Thermodynamic and Transport properties 
The thermodynamic and transport properties based on the air model employed in this paper have been compared 
to the results of several other authors. These properties have been determined for an equilibrium composition 
at a pressure of one atmosphere and a temperature up to 20,000 K. The thermodynamic properties of enthalpy and 
frozen specific heat are given in Figures ^.k and 5.5. The present results for enthalpy are compared with pre-
dictions of Predvoditelev-' and Hansen , These authors are in close agreement except at temperatures around 
1+000 K, The present frozen specific heat at constant pressure is compared to the results of Hansen in Figure 
5,5, The present results are in good agreement with the predictions of these authors except at temperatures 
above 10,000 K. This is expected as the present gas model is only valid when there is a slight amount of 
ionization. To improve the thermodynamic properties at the higher temperatures it is necessary to Include 
the thermodynamic properties of these species In the gas mixture calculations. 
^* 
The present frozen thermal conductivity and viscosity of equilibrium air at one atmosphere pressure are 
37 30 
compared to results of Hansen and Yos in Figures 5,6 and 5,7, respectively. The present results for the 
transport properties are not appropriate when the temperature is greater than approximately 10,000°K. Again 
these properties can be Improved at the higher temperatures by including additional chemical species as 
discussed above. 
The thermodynamic and transport properties employed in the shock-layer solutions are more accurate than 
is indicated by the equilibrium properties. When the temperature behind the shock is very high, the predominant 
species are molecular oxygen and nitrogen which are included in the gas model with reasonable accuracy. The 
temperature decreases toward the body, and probably no significant amounts of ionized atomic and molecular 
species have time to be produced. Therefore, the present gas model is considered reasonable for the cases in-
vestigated in this paper, 
E, Chemical Reactions and Rates 
The net mass rate of production of chemical species per unit voliime is obtained from the usual relations 








Og + M ^ 20 + M^ 
Ng + Mg - 2N + Mg 
Ng + N ^ 2N + N 
NO + M ^ N + 0 + M 
NO + 0 f̂  0 + N 
N + 0 =̂  NO + N 
2 
N + 0 s NO"̂  + e" 
(87) 
In these reactions the following chemical species are eaî plo^d and are nutfiered 1 to 7 in the order iaHes t^ i 
Og, Hg, 0, N, NO, NO"", e" 
(NI = 6 as electrons are a special case) 
^A slightly different approach for obtaining the NO neutral collisions has been given by Mocare '. 
This quantity should not be confused with the equilibrium or total thermal conductivity. 
1*6 
The stoichiometric coefficients for these reactions are given in Table 5-IV. 
The forward and backward rate constants ere written as: 
C2 (In CO - CI X lO^/TK) 
k = TK 
r 
1 




(In DO. - Dl, X lO^/TK) ^ 
r r X 1 /mole\ (88b) 
with the coefficients given in Table 5-V taken from Reference 38. These reaction rate coefficients use the 
catalytic bodies as determined from expression (6). The quantity Z(.j.uj) is the third body efficiencies rela-
tive to argon, given in Table 5-VI and based on Reference 39. 
TABLE 5-1 
MOLECULAR WEIGHTS AND HEATS OF FORMATION 


























. Ah[ (ft-lb/slug) 
0 
0 
0.3225 X 10̂  
3.5341 X 10̂  
1.661X 10*̂  
3.619 X 10̂  
0 
F . 10.388x10° 
"i 23.053 M, " 
1 
TABLE 5-11 
VISCOSITY CURVE FIT CONSTANTS 





























FOR SUTHERLAND'S LAW, COEFFICIENTS ARE THE SAME FOR 
ALL SPECIES AND ARE 
Aj - - 0.1045186 
B. - 1.9790489 
C. " -16.48024 
TABLE 5-111 
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NOTE: ALL BLANKS ARE ZERO. 
TABLE 5-V 
REACTION RATE COEFFICIENTS 
REACTION 









L92 X 10^^ 
4.15 X 10^^ 
3.97 X rf° 
3.18 X 10^ 
B 
6.75 X lO" 




















2.32 X 10^^ 
1.01 X 10^° 
9.63X 10^^ 



















THIRD BODY EFFICIENCIES RELATIVE TO Ar 
^(j-NI)i 
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FIG. 5.3 - VISCOSITY OF AIR SPECIES 
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FIG. 5.7 -V ISCOSITY OF AIR 
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VI. Boundary Layer Characteristics 
After the solution to the boundary layer or shock layer equations has been obtained, there 
are a number of quantities that should be determined which characterize the flow. Their quan-
tities are discussed and defined below. 
A. Heat Transfer 
The heat or energy flux from the gas to the surface in a multi-component gas mixture for 




= -•̂  f + E ^Ji + P̂ H 
where the Dufour effect (usually considered small), work of the shear stresses (occurs when there 
is slip at the wall), and radiation are neglected. The above expression includes the energy 
transported by conduction, diffusion, and convection. For boundary layer flows without mass 
transfer, the last term in the above expression is zero. For an energy balance at the surface a 
similar expression as given above (without the diffusion term) is written for the energy flux 
into the condensed phase and this must be equal to the energy flux from the gas to the surface. 
The Kusselt number is defined in terms of either conditions at the body or at the edge of 
the boundary layer or shock layer as follows: 
q X c 
Pe 
KUg = - ^—nj—_ I (Edge'Nusselt Ho.) (90a) 
e ^ o " ID 
q X c 
ra Pb 
" b • k^ (H^ - R^} (Body Nussel t Ho.) (90b) 
where 
H = h + i V^ 
0 CO a 
with the Reynold's numbers defined as: 
Re = p u x/n 
X f̂e e ' e 
e 
^ \ = Oi,\ '̂/̂  
the Husselt numbers become: 
Hu Pr 
e e j^=^ w^ \ r f # \s^. ̂ '̂  s'' I'" ^\. ̂  
and 
Hu, Pr, /TTT Hu 
_ 2 _ = _^W_£l* ^=L. (91b) 
In the above expressions the energy flux due to convection is not included and thermal diffusion 
effects have been neglected. The square root term in (91a) is of indeterminate form at x = 0 but 
the appropriate values are: 
k/l+j Blunt Body 
(pJ^u^r;'Jx/(2a = /-- . (92) 
v-j+j Sharp Body 
2J, 
The derivatives in relation (91a) are evaluated at the body with eqxiation (̂ +6) . If more grid 
points are used to evaluate the derivatives at the surface one expects a more accurate evaluation. 
However, this is not necessarily correct; in fact, the relation using foirr grid points has given 
the wrong sign for the derivative for certain cases. 
Another parameter which is used to characterize the heat transfer is the Stanton number 
which is defined as: 
" '- - PJ. ("o - ^ ) ^''^ 
Ihfi Stanton number I s related t o the Hussel t number by the r e l a t i o n : 
1 1 / Pe^e \ ^^e 
where a t x = 0: 
I I du 
\ / P e ^ d F 
Blunt Body 
Sharp Body 
B. Local Skin Friction and Drag 
The local skin friction is defined as: 
f 1 V 2 
f " 1 2 
e zp u^ 
where the shearing stress is: 
{'^ y =\^^^ 
The parameters to describe local skin friction are the following: 




where at x = 0: 
0 Blunt Body 
00 Sharp Body 
In relation (96a) the square root at x = 0 is determined from relation (92) while the derivative 
IS evaluated with relation (46). 
The drag of a body due to the pressure and shearing stress at the surface with length x, is 
written in terms of a drag coefficient as: 
S ^ r ^ = ^ / tf =- ^ - 7^ -" ^y> (9T) 
Jr, '- a> SD VZ J 
•2p V A JQ "- a> 2P 
where the reference area is the cross sectional area at x and is 
flat plate 
t r, reference length when j = 0 
2 
TTT, reference area when j = 1 
' b 
The first term in the integral results from the shearing stress at the surface while the second 
term results frcm the pressure acting on the surface. 
C. Boundary Layer Honnal Coordinate 
The distance along the normal from the surface of the body to the edge of the boundary layer 
is obtained from the transformed coordinate relations {ih]. 
These are written as 
y(;,n) , ' ^ ^e f^ 1 dn (98) 
where 
%= I (pu)j,Vb'^°'' 
D, Displacement and Manentum Thicknesses 
The displacement thickness is defined as: 
'f (̂  - ^ ^ '̂ y -̂  p u r J'(x ) f (P^) J ^e e ''e e b ^ o' J 
6* « / (1 - T ^ ) fly ->-.., t J;^ \ I (p^)b K ^"^ (99a) 
while the maaentuo thickness i s defined as: 
^ = / 7 ^ (1 - i r ) ^ ^ (99b) 
In the transformed coordinate system^ these relations beccane: 
* ^^rl / a 
6 
P, 
^ / (-2- e - f ) dn -H ^ / (pv)^r^J dx (100a) 
62 
% / f'(l. f ) dT,-
^e e n n b o
At X = 0, the following term is indeterminate numerically but has the values shown; 




^ ^ ( I * d ) p / - e 
dx 
For Blunt Body 
E. Mass Flow Rate in the Boundary Layer 
The total mass flow rate ( slug ., in the boundary layer at x or f is: 
ft^l-^^ sec^ 
M̂  = (2TT)'^ N / S F T^ f f ' ( l + f - cos ^^ dn 
-'o 
while the mass flow r a t e of species " i " i s : 
1 




The mass flow rate of species "i" in particles per seconds is obtained from (lOlb) by the 
relation: 
M. ( particles ^ ̂  l.^^5939 x lo'' M, N/M. (102) 
^ sec ft'' '̂^ ^ ^ 
where: 
"^ 21 
H = 6.025 X 10 (molecules/gm-mole) 
The total uiass flow rate in the boundary layer is related to r (the radical distance from the 
aacis to the streamline in the freestream which enters the boundary layer where the mass flow is 
being determined) and the mass transfer at the surface by: 
X 
h = P„Vsh (™sh)' ̂  (2n)'5 / (pv)^ r̂ J dx (103) 
F. Electron Density 
To indicate the amount the gas is ionized, it is useful to determine the electron density. 
It is obtained from the mass fractions of the ionized species by the following relation: 
He = p H Y . (l(A) 
where: 
p (gn/orî ) = 0.51536 p(slug/ft3) 
HI 
The value of Z is determined from the linear dependence of the electrons on the HI chemical 
species and is based on the conservation of charge. 
G. Mass and Energy Flux Densities at the Surface 
The mass flux density of species "i" at the surface was given in relation (43) and is; 
p 
m. = pvc. + j . (slug/ft - sec) (105) 
5*»ere 
''i Pr y ? f Tfe I k^i i'^ 311 9 an j 
The energy flux at the surface can be obtained frott (89) and is expressed in teiBlB of the various 
contributions: 
^ A ^PJf'p^eVb je_ (Conduction) (I06a) 
c Pr ys^^T^ an ' ' 
HI 
%) ° JZ '̂ î i CW»a«-<»5 Cl06h) 
a = pv(h + -IT ) (Convection) (I06c) 
where; 
* = 1^ + %3 + q^ ' 
<l(Btu/ft -sec) = 1.28509 X-10'^ q.(ft-lb/ft^-see) 
H. Total Enthalpy 
The total enthalpy is often used as one of the dependent variables rather than the teaiper-
ature and is defined as 
H = h + i u^ + i v^ - -. (107) 
o 
The term -jv has been neglected in the evaluation as it is generally Ranall in the boundary 
layer. The enthalpy in other units can be obtained from 
H(Btu/lb) = 3.99^17 X 10'^ H(ft-lb/slug) 
H(joule/kg) = 9.2903 X 10' H(ft-lb/slug) 
I. Chemical Reaction Parameters 
Since the chemical model for many gas mixtures is not well understood, it is of value to 
know the Importance of the various chemical reactions employed. A useful parameter to have 
available is the following: 
X^ = w,/[f*l.(0^. - C^.)] = (L^ - L^ ) (108) 
r r 
where the various quantities are defined in equation (5). The above relation for X gives 
the effectiveness of reaction r in producing certain chemical species. The production of 
species i from the various chemical reactions is obtained by multiplying X by (g . - OL-)-
The relative size of these terms determines which reactions are important in the production of 
species i. 
J. Relation for Hormal Velocity 
The normal velocity is obtained from the relation (l6a) which defines the transformed normal 
velocity V". Before this relation can be used, the terms -BIL must be determined. Since 
Ti = r\{^>7) > "the following relation is obtained with dn = 0: 
.siL = . an. *t | 
ax ay dx 'n = constant 
Wlien equation (ito) is employed in this relation aiid the differentials are written in finite-
difference form, the partial derivative becomes 
u r P / y -y \ 
a n . e b / m+l,n m,n \ / -. 
^---^^ \\.,-\ I ^ '^ 
With th i s . iSrS'Sative used in equation ( l 6 a ) , the normal v e l o c i t y beccsues 
(Pu)r ^b "e V 
-. + ^J' (y^^i „-y. J/(^™.i - ^J (HO) / 2 j " p e ^•'m+ljn Ajti" ^ m+1 m' 
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VII. Caiapabese Frogsram 
A. Introduction 
The purpose of this chapter is to describe the computer program with only sufficient detail to allow op-
eration as a "black-box". This type of operation is not advocated by the authors and can lead to misuse of 
the program. However, as an initial step in the use of this program an understanding of the input and output 
is a logical place to start. This part of the program is discussed in this chapter and the remaining details 
of the program are given in Appendix D. 
The program is written with the idea to be as general as possible within reasonable limitations. The 
program solves the boundary layer equations along a body and always starts at ? = 0 for an arbitrary (this 
will be described subsequently) multi-component gas mixture. At a stagnation point or the tip of a blunt 
body, the similar boundary layer equations are solved to obtain initial profiles. At a stagnation point the 
thin viscous shock layer equations with shock slip are solved as determined on OPTH card. The program will 
not solve the thin viscous shock layer along a body. The program will handle either two-dimensional or axl-
symmetric bodies of the type: flat plate, blunt wedge with cylindrical leading edge, and hyperbola or cone, 
sphere-cone, and hyperboloid respectively. In addition, bodies of arbitrary shape can be handled with the use 
of a table of values of the body radius given as a function of the distance along the surface. Also the nose 
radius or reference length for a flat plate or cone, RN, must be specified. To complete the body geometry, 
the half-angle or asymptotic half-angle for the blunt body is required. 
The program will handle solutions in an arbitrary freestream where the velocity, pressure, temperature 
and species mass fraction define the environment. For the shock layer solution, no additional information 
is required. For a boundary layer solution, the conditions at the outer edge must be specified consistent 
with the freestream conditions. The determination of the boundary layer outer edge conditions are to be made 
by the user. The pressure, tangential velocity, temperature and mass fraction of the various species are 
required as a function of the distance along the body. The usual relation between the pressure gradient and 
velocity gradient is not used since swallowing of the inviscid flow can be taken into account. Another com-
puter code has been developed to obtsiln edge conditions and is described in Reference kO and has been used in 
the examples in the next chapter. 
At the wall a variety of boundary conditions have been included in the program and have been discussed in 
Chapter III. If gas models other than a binary mixture of oxygen, air or carbon-air are employed, special 
care should be taken to be sure the boundary conditions employed are appropriate. The subroutine QPR should 
be investigated to be sure the desired species boundary conditions are being satisfied as this subroutine is 
not general. For all cases it is assumed that the wall temperature is known as a function of the distance 
along the body in tabular form. The case of an energy balance or a specified heat transfer have not been con-
sidered but could be handled with suitable changes in the program. For the first four wall options the mass 
transfer at the surface is zero. For the case of mass transfer of ablation products, the surface mass flux 
density must be specified as a function of the distance along the body in tabular form. For the remaining 
wall options, the program will determine the surface mass flux density as part of the solution. 
To start the solution along a body or to generate initial profiles, values of the tangential velocity, 
temperature and species mass fractions must be read in. If OPrH(U) is IHITIAL, an iteration procediure is 
performed to obtain initial profiles. If OPIH(U) is BODY CAL, one iteration is performed on the initial pro-
files and then the solution proceeds along the body. If a first estimate of the profiles for the iteration of 
initial profiles is not available, the program will generate profiles for B and c. 's where the value f' read 
in is used. If the sxim of the first two species at the wall is zero, c, is set equal to 0.2328 and c- is set 
equal to O.7672. If the sum is not zero, the wall values of the c. 's read in are used in determining the 
species mass fraction profiles. 
In the iteration procedure employed to obtain the initial profiles, a choice is available on the proce-
dxire to be followed. There is always an iteration performed where the momentimi equation is solved first with 
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the species equations solved next and finally the energy equation is solved. This Iteration is stopped when-
ever the convergence tolerance (TOL) has been satisfied or KOEE iterations have been performed. An iteration 
of each equation within this larger iteration is possible depending on the values of KOPT, AMOM, AENE and 
ASPE. In this iteration, a fixed number may be performed or a convergence criterion can be utilized. In the 
iteration for initial profiles it is necessary in many cases to weigh the calculated solution with the assumed 
solution as was discussed at the end of Chapter II. The appropriate values to employ can be determined only 
from experience. 
The gas model allowed in the program has been set up as general as possible. The multi-component gas 
mixture can consist of as many as 30 species and 30 homogeneous chemical reactions. For each chemical species 
certain thermodynamic and transport properties are required. The specific heat and enthalpy of each species 
is required and must be given in block data. Data for the following species are presently stored in the pro-
gram: Og, Hg, 0, H, HO, HO"^, CO, COg, CH, C^, C^, C,, H"^, H^^, H, H^, OH, H^O, A and A"^. The viscosity of 
each species and the binary diffusion coefficients between the various species is determined from curve fits. 
For each curve fit three coefficients are required and values of these parameters that have been used are given 
in Tables 5-II and 5-III. Additional information such as the molecular weight and heats of formation of each 
species is required. For each chemical reaction, the names of the species involved in the reaction are read 
in and also six coefficients to determine the reaction rate coefficients. For reactions involving third bodies 
and with reaction rates only differing by a constant for the various third bodies, the use of third body effi-
ciencies reduces the amount of computing and is the recommended procedure to be eniployed. The subroutine CHEMPR, 
which utilizes the reaction rate data and determines the chemical production terms, is not a general subroutine. 
It must be used with care, especially for gas models different from ones presented in the examples in this re-
port. Since the computing time nearly doubles when multi-component diffusion coefficients are being used as 
compared to Fiok's law, these two options are available. For multi-component diffusion, the binary diffusion 
coefficient information must be supplied for interactions between species. When Pick's law is being used, the 
value of the Lewis-Semenov nimibers for each species is required. In addition to the solution of flows with 
finite chemical reactions, frozen flows (chemical product terms are zero) can be solved. Also for similar 
boundary layer solutions with constant Lewis-Semenov numbers, solutions can be obtained for the gas in local 
chemical equilibrium. If this option is used, the appropriate EQUIL subroutine must be used to determine the 
equilibrium composition. 
Finally, certain information for the finite-difference procedure is required in the input. For many cases 
the thickness of the boundary layer in terms of the transformed -^ coordinate is nearly constant. For cases 
where the thickness changes along the body, the value of n as a function of X/R^ is required in tabular form. 
The step-sizes along the body and across the boundary layer or shock layer are required input. The appropriate 
values to be used depends upon the desired accuracy and are determined from experience with the program. Typi-
cal values employed are given in the sample problems. The program also has an option where the step-size across 
the boundary layer or shock layer can be variable. A variable step-size can be read in or the program can be 
used to generate a variable step-size as indicated in the input write-up. other options such as when profiles 
of the dependent variables are printed and when to punch on cards the final iteration of the initial profiles 
are available, 
B, Input 
The necessary information for setting up the data cards is given in this section. First some general com-
ments are given below about the input. Then the input for the program is given in the order that it is read 
into the program. For each card the FORTRAN name of the input quantity is given, format used, location on the 
card and a brief description of the quantity. 
All Read statements are written without designating a unit, which normally will default to the standard 
logical input unit. All Read statements are in subroutines IHPUT and INPBOD. 
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All Write statements (Print) are on logical unit HTO, which is set to 61 by a data statement in subroutine 
IHPUT, 
The Write statements (Punch) are on logical unit IP, which is set to 62 by a data statement in subrou-
tines PCH and BLC, 
All input is read from the data cards and all cards must be supplied for each problem, except the values 
of DN, (An). The cards are read only when "k", on second input card, is equal to 0, 
Multiple problems can be done in one run, but, as noted, all input cards must be supplied for each problem. 
Columns 1 through 5 are used for card name. These card names are not checked by the program, so any 
characters are acceptable. These were chosen for convenience, with the two exceptions of (l) the binary dif-
fusion coefficient cards where these five columns should contain the "interaction" (see sample output), and 
(2) the cards containing the forward and backward rate coefficients must have the chemical reaction descrip-
tion in columns 1-29 (see sample input). 
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Problem name - Any information to be printed on output. 
Number of points across the boundary layer s 50. 
Number of species s 30. 
Number of reactions ^ 30-
number of reactants (includes electrons if present) plus catalysts s 1*0, 
e, test for convergence tolerance (initial profiles), 
!
0 - read in DH's 
1,0 - calculate constant DN 
> 1.0 - calculate DH's using k 
when k > 1.0, DH(1) 
1.0 
(k)'^-^ - 1,0 
and DH(N) = D N ( N - l)'k. 
Names of Species, Electron (EL) and Catalytic bodies (Ml, M2, ...) in the order 
that the rest of the data is given. The species must come first and the second 
NI 
species is the one which will be adjustable so that ^ c. - 1,0. Names must 
be left-justified in the field, ,j = 1, HJ 1=1 "̂  
An's across the boundary layer, N = 1, NMAX - 1. (These cards should only be 
included in the "data" deck when CK = 0.) 
Print every "IPRT" iteration (initial profile). 
0, don't punch initial profiles; 1, punch initial profiles, 
1, use first estimate of profiles read in; O^use f read in and compute the 
c.'s and 6 for first estimate of profiles. 
Maximum iterations allowed for initial profiles. 
1, Initial profiles may be iterated KMOM times; 2, Initial profiles iterated 
till converged (AMOM), 
Convergence criterion for Momentum equation. KMOM = AMOM, if KOPT = 1. 
Convergence criterion for Energy equation. KENE = AENE, if KDFT = 1. 




Name Format Column Description 
CONTE 
(cont'd) 
IWC 15 U6-50 Wall Condition 
Switch 
/ 1 - non-catalytic wall 
2 - catalytic wall equilibrium (Subroutine EQUIL used) 
3 - fully catalytic dissociation wall 
k - fully catalytic recombination wall Species NO is non-
catalytic 
5 - mass transfer of ablation products |RVPT(K) and Sub-
routine EQU2 are used} 
6 - oxidation of graphite, EIO and EI02 are oxidation 
prohibitlves 
7 - oxidation of metals, EIO and EI02 are needed and are: 
flux of species 1 absorbed on metals 
collision flux of species i with surface 
8 - vaporization of surface carbon 
9 - mass transfer of ablation products with oxidation of 
graphite ( 5 + 6 ) 

























oxidation of metals with vaporization of surface 
(7 + 8) 
Where these two numbers have different meaning depending 
'0 1 on the wall condition option (IWC), If IWC = 6, IWC = 9 
and IWC = 10, they are the oxidation prohibitlves for 0 and 
"02 \ 02. If IWC = 7 or IWC = 11, they are the values of 
_ flxix of species i absorbed on metals 
1 ~ collision flux of species i with surface 
where 1 is 0 or 02. 
EQUILIBR or NOH-EQUI - All words describing options are to be left-justified. 
FROZEH or NON-FROZ 
BOUNDARY or SHOCK LA 














































CAL LEWI or CON LEWI 
CAL LEWIS, calculate Lewis numbers 
CON LEWIS, use constant Lewis numbers 
NOTE: If OPTN(l) is EQUILIBE, 0PTN(6) must be CON LEWIS and IWC = 2, (These 
are forced by the program regardless of input values on cards,) 
Used for shock layer calculations only. 
Nose radius or reference length (ft) 
Radius of shock (ft). 
Shock stand-off d is tance ( f t ) 
Temperature at wall ( K ) , 
Freestream velocity (ft/sec). 
Pressure in freestream (psf), 
Freestream temperature ( K ) , 
Weight factors, - 1st for momentum ( f ) and 2nd for energy (9), then one for 









First estimate or initial profile of — , N = 1, NMAX, Seven values per card, 
e 
These cards always used to start calculation 
First estimate or initial profile of — , N = 1, HMAX. 
CLIL CLIL(H,I) 7E10.0 
66-75 
6-15 First estimate or initial profile of c . , H = 1, NMAX: 1 = 1 , HI. Start 
n,i 
new I value on new card. 
CIHF CINF(l) 7E10.0 
66-75 





Hame Format Column Description 
HEAT HF(I) 7E10,0 6-15 Heats of formation of species, I = 1, NI 
LEWIS FLEJ(I) 7E10.0 
66-75 
6-15 Lewis number of species, I = 1, NI. 
MOLWT FMOLWT(I) 7E10.0 
66-75 























































The three coefficients for approximation to a binary diffusion coefficient on 
2 
HI - NI 
one card, KKM = = , K = 1, KKM, The card name from these cards 
(XXXXX) is printed as the "IMTERACTION" with the coefficients so the two 
species names should be here. Since D 
ij 
D.. and D..'s are not used, only 
01 11 } -^ 
the upper triangular matrix without the diagonal is required. This matrix is 
read in as an array with one subscript by taking the elements of the first row, 
then the second row, then the third row e t c , until (HI - 1) rows are 
included. 
Curve fit coefficients for SPECIES VISCOSITY. One card for each SPECIES in 
the order that SPECIES are named. SPECIES name may be punched in Cols, 3-5, 
Species names (left-justified) on left side of reaction K. K » 1, NR 
Species names (left-justified) on right side of reaction K, 
Forward rate coefficients for reaction described in Cols. 1-29. (See Eq. 88a) 
Backward rate coefficients for this reaction (see Eq. 
Card Name Fortran 
Col, 1-5 Name Format Column Description 
Z(l,-t.) I5F5.2 6-10 
11-15 
NOTE: The s to ichiometr ic coe f f i c i en t s are computed using the AR's. 
AR(1,K), A R ( 2 , K ) , AR(3,K) t o COTnpute n and 
AR(4,K), AR(5,K), A R ( 6 , K ) t o compute B ' , 
JM J J 










Humber of e n t r i e s i n four folloirtng t a b l e s , 3 ^ NTP s 50. 
Table of X/RN. 
TWT TWT(K) 7E10.0 
66-75 
6-15 Temperature K at wal l v s . X/RH 
RVFf RVPT(K) TEIO.O 
66-75 
6-15 (pv) of pyrolysis gas vs. X/RN. 
(used when IWC = 5) 














n^ vs. X/RN 
r v s . X/RH 
66-75 
optional: these cards 
needed only if geometry 
is an arbitrary body; 
i.e., SHARP AX, BLUNT 






















Number of XDELT AND DELXT (step) cards to read, NDX s 20, 
Print body profiles every "lPRTB"th time. 
Distance along the body at which solution is to be terminated (ft). 
Cone half angle or asymptotic half angle of hyperboloid (degrees). 
STEP 
FTMRO 











































Value of X/RH at which Ax step size is to be changed (ft). 
1st value must be 0.0. 
Hew value of Ax till next XDELT is reached (ft). 
Pressure to be used with PA(HD) such that PE is in psf. 
Temperature to be used with TA(WD) such that TE is in R. 
Velocity to be used with VA(ND) such that UE is in fps. 
Number of entries in following edge tables. 6 s NED s 110, 
Distance along surface X/RN. 
Pressure at edge PE/P O . 
Velocity at edge UE/UO. 
ND = 1, 
( "NDX" of 
I these cards 
66-T5 
Temperature at edge TE/TO. 
Species mass fraction: 
All C A ( N D , 1 ) , ND = 1, NED, j = 1. 
Then CA(ND,2), ND = 1, NED, j = 2, 
Till CA(ND,j). ND = 1, NED, j = NI. 
NOTE: The first value in each of the edge tables must be for X/RN = 0,0 
(value at stagnation point), and the 6th value of X/RN ̂  ,1, 
C. Output 
The quantities that are printed cjut from the program are now described. The first information in the 
output is a print-out of all the input data. In addition, the stoichiometric coefficients are determined from 
the reactions in the gas model and this is included in the Input data. The initial profile information is 
next in the output. There is a slight difference in the output depending on whether a boundary layer or shock 
layer solution is being obtained. Also, there is a choice on whether to print all of the information or a 
limited amount of information for each iteration. For the boundary layer solutions along the body, additional 
information is obtained in the output and this is next discussed. The program also punches certain information 
on cards and this is described in the final section. 
1. Initial Profile Output - The following output is obtained while the iteration procedure is being applied 
to the initial profiles for both a boundary layer and shock layer: The first estimates of profiles are 
printed where the columns are; 
I - sequence number of points across the boundary layer, 
ETA, - ri, value of this quantity across the boundary layer, 
FERIME - f' or u/u , for eEich r), 
THETA - 6 or T/T at n 
' e 
°2 
c., mass fraction of ea<;h species at Tl 
NO"̂  
The following five variables are printed aaid are constaiit for the i n i t i a l profile (x = 0) for a bowidary 
layer. 
SMALLE - e 
DUEDX - du /dx (l/sec.) 
HO - h^ + i V^ , t o t a l enthalpy ( f t - l b / s l u g ) 
ETE - r\ 
CTH - (=1 
RHOMUEEF - (pu) (slug'/ft -sec) 
HEYH NO(S) - Reynolds number = P„V^R^/a 
When IPRT, on card named CONTR, is > 1, the entire print for an initial profile iteration is printed only 
every IPRT-th iteration. When the entire print is skipped, one line of information is written which gives: 
ITERATION - iteration number 
STAMTON WO. \ 
\ useful as an indication of rate of convergence^ defined in Subroutine BLC. 
SKIN FRICTION ) 
TI^E LEFT - the time left for this run. If IPllII > 0 and the time left is less than 10 seconds, the 
profiles are punched. They can be used for restarting the problem. 
The entire initial profile iteration print consists of: 
PROFILES AFTER XX ITERATIONS, where yji is the number of iterations done. 
X( K ) - Production terms from the chemical reactions at x ^ ' m 
X(reaction number) X, = (L„ - L, ) for each reaction (k) at each ^ across the boundary ley^» 
k k 
Profile Print - I, ETA, FERIME, THETA, and c. at each point across the boundary layer. 
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Also, for each point across the boundary l^rer, 
I - sequence nimber 
ETA - r\ 
Y/RN - Boundary layer th ickness /nose rad ius 
V - transformed normal ve loc i ty 
BETA/EBB - P/e 
DENSITY - p ( s lug / f t2 ) 
ELECTRON DENSITY - number of e l ec t rons per cubic oent^ffleter 
TOTAL ENTHALPY - h + ^ u^ ( f t - l b / s l u g ) . 
Single valued va r iab les p r i n t e d a r e : 
TIME LEFT - number of seconds l e f t for machine run . 
QCOND - energy flux a t the surface due t o conduction 
QPIFF - energy flux at t he surface due t o d i f fus ion 
QCONV - energy flux at the surface due t o convection 
QTOTAL - t o t a l energy f lux a t t he surface 
QT0TAL(BTU/FT2-SEC) - t o t a l energy flxix a t t he surface in un i t s shown 
STANTON NUMBER - St 
RHO V - pv ( s l ug / f t ^ - s ec ) 
Hu 





HEAT TRANSFER, BODY -
Re 
DISPLACEMENT THICKNESS/RN - 6 /R^ 
MOMENTUM THICKNESS - 6 (ft.) 
I at body - . ^ ^ 
SKIN FRICTION - Ĉ , , /Pe^ 
e V e 
o 
Finally the WALL I4ASS FLUX (slug/ft -sec) is printed for each species. 
When the solution for a shock layer is being obtained, some additional information is in the output. Some 
quantities which are constant for a boundary layer solution change with each iteration in the shock layer solu-
tion and appear in the output. The additional output for the shock layer is: 
PE - p , pressure at shock 
TE - T , temperature at shock 
RHOE - p , density at shock 
UE - u , tangential velocity at shock 
RHOMUREF and REYN NO(S) - same as above 
VS - " uj transformed normal velocity at shock from shock relations 
SH - S, , shock slip term (see Eq. 79) 
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DUEDX - same as above 
TSl - s(l - e) + e, shock shape parameter (see Eq. 21) 
EPSI - e, density ratio across shock 
ETE - -n 'e 
Output along the body - For this case the initial profile output quantities are given again. In addi-
tion, other information is included which is a function of the distance along the body. Since the finite-
difference method along the body can either be the Crank-Nicholson or implicit type and is determined 
by the value of B, this quantity is given by the value of CTH in the output. The body output is printed 
every IPRTB-th step along the body and gives the following information: 
M - TH BODY PROFILE S = XXXX 
where M is the sequence number of profile and S is X/RN. 
When the initial profiles are converged, the full profile is printed with the information that the 
profiles are converged. When less than 10 seconds are left for the computer run, the entire profile print 
is printed with the information that the time is about gone. Also when KOPE profiles have been done, a 
message is printed and the entire profile printed. In any of these three situations, the profiles are 
punched if requested (IFUR = 1), and the calcxilation of body profiles is attempted (except for a shock 
layer problem). 
RHOMUREF - (pu) at m + |- (slug /ft -sec) 
INTERPOLATED EDGE CONDITIONS: 
RE - p^ (psf) 
m+2 
TE - T (°R) 








BEB - e 
ETE - T| 
XO - X 
m 
'̂l - Vl 
RBO - r, 
b m 
RB 1/2 - r 
\ ^ 
distance along stirface of body (ft.) 
radial distance to body surface (**•) 
RBI - r. 
m+1 
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LAMBDA - Xjj \ 
lAMBDA 1/2 - X^^i [ (OI)^ u^ r/^ 
LAMBDA + 1 - X , \ 
m+1 ' 
BETA - P 1 
m+2 
MO - (u, mixture viscosity) j^ (slug/ft-sec.) 













RHOMUREF - (ou) at m + 1 (slug /ft -sec) 
Tl, f, 9, c. for each point across the boundary layer. 
T), Y/RW, V, e/e, p, ELECTRON DENSITY and TOTAL ENTHALPY for each point across the boundary layer. 
The single value variables, in addition to those printed for the initial profiles, are: 
RS**(l+j) - VL, total mass flow in the boundary layer (slug/ft^ sec) 
REYNOLDS NUMBER - Re 
e 
CF-INF - C ' " ' 
"> ... 
T DRAG COEF - drag resulting from the shearing stress at the surface 
P DRAG COEF - drag resulting from the pressure acting on the surface 
' TOTAL DRAG - sum of the above drags .• ' 
Few each species there is a print of: •. , . • .̂ 
WALL MASS FLUX - m. (slug/ft^-sec) 
TOTAL MASS FLOW - M.̂, (slug/ft•'-"•'-sec) 
FLOW (PAR/SEC) - M. (particles/ft"'""''-sec) 
Punched Output - In order to have a collection of the best available Initial profiles for the solution of 
problems, the profiles and some information to identify the problem can be punched. When IHM = 1, the 















!Bie follcwlng card wil l be punched tixt each s t ^ alOTg the body (exc^t the la«t s tep) . FOBMAT (15,^15-7) 







This information is used in another program that determines the edge conditions for a blunt body. 
D. Sample Input and Output 
To illustrate the program input and output, the results for three sample problems are presented. For 
each example a listing of the data deck cards is given, then the listing of the print-out of the input quanti-
ties is given, and finally a listing of the output of the program. For these examples only a part of the list-
ing is given to keep the length within reason. For all three cases the freestream conditions are for an alti-
tude of 100 kft (standard atmosphere), undissociated gas mixture, and a velocity of 20 kfps. 
(1) Example 1 - This problem corresponds to the calculation of the thin viscous shock layer at the stagnation 
point on a blunt body. It is assumed that the shock is concentric with the body and this requires R , = R^+A 
and gives S = 1. Also with R^ = R , and A = 0, S = 1 and the program performs the calculation for the shock 
concentric with the body. The gas model is a binary mixture of oxygen atoms and molecules with one chemical 
reaction. The weill temperature is 1000 K and the wall is catalytic with the gas in chemical equilibrium. For 
the first estimate of the initial profiles f is assumed, then 6 and c.'s are estimated by the program. After 
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NHAX = 50 
NI = 2 
NR = 1 
NJ = 3 
IMC = 2 
IPRT = 2 0 
IPUN = 1 
I READ =• 0 
KOPE =10 0 
KOPT = 1 
BINARY GAS HOQEL 
K = 1.00 
TOL = .300203 
AMOM = 1 . J 3 9 3 
AENE = 1 . 0 0 0 3 
ASPE = 1 .3003 
SHOCK LAYER 
INPUT 
RN = .083333330 
RS = .083333330 
DELTA =0.000300000 
TKH = 1003.0000 
E 0 = -0.0000 











COMPUTE INITIAL PROFILE 
HYPERBOLOIO 




















FHOLNT AMU BHU CHU 
1 . 6 0 Q 0 0 E + a i 2 . 0 3 1 4 4 6 - 0 2 4 . 2 9 4 4 0 E - 0 1 - 1 . 1 6 0 3 1 6 + 0 1 
3 . 2 0 0 0 0 E + 0 1 4 . 4 9 2 9 0 E - a 2 - 8 . 2 6 1 5 6 E - 0 2 - 9 . 2 0 1 9 5 E + 0 « 
WFAC 
l . O O ( F P R I M E ) 
1 .00 (THETA) CINF 
1 .30 0 . 
1.00 i.oaoooE+uo 
REACTION 
H I "0 0 H I 
CO 
3 . 6 1 0 E + 1 8 
CI 








- . S O 
CSALPH 
1 . 0 0 
LSBETA 





0 . 0 0 
1 . 0 0 
1 .00 
STOICHIOMETRIC COEF. 
FORHAKO - CALPH(NR,NJ} 
NJ/NR 1 
0 2 . 0 0 
02 0 . 0 0 
K i 1 .00 
dACKMARO - CBETA(NR,NJ) 
Nt /NI 
Ml 
THIRD BODY EFFECIENCIES - Z(NI,NL) 
2 5 . 0 0 0 0 
2 



















5 . 4 0 0 0 0 6 + 0 0 
5 . 4 0 0 0 0 6 + 0 0 
BODY OAT* 
IPRTB = XHAX = 
CONE ANGLE = 
5 . 0 0 0 0 0 
13 .U0000 
NORM SH PRESS = 1.0000 
NORM SH T6HP = l.OuQO 
NORH SH VEL >: 1 . 0 0 0 0 
X = 0 . 0 0 . 1 0 . 5 0 1 .00 3 . 3 0 6 .00 1 0 . 3 0 25 .3C 5 0 . 0 0 2 4 0 . 0 0 
OELT X = .OIC . 0 2 5 .050 . 133 . 2 5 0 . 5 0 0 1 . 0 0 0 2 . 0 3 0 5.uOv 1 0 . 0 0 0 
60G6 TABLES 
XA PA VA TA 
0. 4 . 5 6 0 0 6 + 0 2 1 . 9 6 0 0 6 + 0 4 1 .66506+03 
l.OOOOE+01 4 .5600E+02 1 .9600E+04 1 . 6 6 9 0 6 + 0 3 
2 . 0 0 0 0 6 + 0 1 4 .5600E+02 1 . 9 6 0 0 6 + 0 4 
3.OOOOE+01 4 . 5 6 0 0 6 + 0 2 1 .9600E+a4 
4 . 5 0 0 0 E + 0 1 4.560QE+02 
6.aOOOE+01 4.56aOE+02 
6 6 5 0 6 + 0 3 
6650E+03 
1.9600E+34 1 .6650E+03 









NOTE - - • XA, PA, TA AND VA ARE CHANGED I N SUBROUTINE INPBOO 
XA(K) = XA(K> • RN 
PA(K> = PA(K) • NORN SH PRESS. 
VA(K) = VA(K) • NORN SH VEL. 
TAIK) = TA(K) • NORH SH TEMP. 
END OF INPUT 






















































0 . 0 0 0 0 
. 0 2 0 4 
. 0 4 0 8 
. 0 6 1 2 
. 0 8 1 6 
. 1 0 2 0 
. 1 2 2 4 
. 1 4 2 9 
. 1 6 3 3 
. 1 8 3 7 
. 2 0 4 1 
. 2 2 4 5 
. C 4 4 9 
. 2 6 5 3 
. 2 8 5 7 
. 3 0 6 1 
. 3 2 6 5 
. 3 4 6 9 
. 3 6 7 3 
. 3 8 7 8 
. 4 0 8 2 
. 4 2 8 6 
. 4 4 9 0 
. 4 6 9 4 
. 4 8 9 8 
. 5 1 0 2 
. 5 3 0 6 
. 5 5 1 0 
. 5 7 1 4 
. 5 9 1 8 
. 6 1 2 2 
. 6 3 2 7 
. 6 5 3 1 
. 6 7 3 5 
. 6 9 3 9 
. 7 1 4 3 
. 7 3 4 7 
. 7 5 5 1 
. 7 7 5 5 
. 7 9 5 9 
. 8 1 6 3 
. 8 3 6 7 
. 8 5 7 1 
. 8 7 7 6 
. 8 9 8 0 
. 9 1 8 4 
. 9 3 8 8 
. 9 5 9 2 
. 9 7 9 6 
1 . 0 0 0 0 
FPRIME 
0 . 
2 = ? < 5 6 4 6 - 0 1 
3 . 9 0 3 2 E - 0 1 
4 . 1 7 4 5 6 - 0 1 
4 . 3 3 8 3 6 - 0 1 
4 . 5 2 Z 4 E - 0 1 
4 . 6 8 0 8 6 - 0 1 
4 . 8 3 3 3 6 - 0 1 
4 . 9 7 4 3 6 - 0 1 
5 . 1 1 0 9 6 - 0 1 
5 . 2 4 0 8 E - 0 1 
5 . 3 6 7 9 E - 0 1 
5 . 4 9 0 6 E - 0 1 
S . 6 1 t 3 E - 0 1 
5 . 7 2 8 8 E - 0 1 
5 . 8 4 4 9 E - 0 1 
5 . 9 5 8 7 E - 0 1 
6 . 0 7 1 6 E - 0 1 
6 . 1 8 3 5 6 - 0 1 
6 . 2 9 6 2 6 - 0 1 
6 . 4 1 0 9 6 - 0 1 
6 . 5 2 9 4 6 - 0 1 
6 . 6 4 9 8 E - 0 1 
6 . 7 6 9 6 E - 0 1 
6 . 8 8 8 t E - 0 1 
7 . 0 0 8 2 t - 0 1 
7 . 1 Z 9 2 E - 0 1 
7 . 2 5 0 2 E - 0 1 
7 . 3 7 1 2 E - 0 1 
7 . 4 9 3 0 E - 0 1 
7 . 6 1 5 2 6 - 0 1 
7 . 7 3 7 6 E - 0 1 
7 . 8 6 0 4 E - 0 1 
7 . 9 8 3 7 E - 0 1 
8 . 1 0 7 2 E - 0 1 
8 . 2 3 1 2 E - 0 1 
8 . 3 5 5 5 E - 0 1 
8 . 4 8 0 2 E - 0 1 
8 . 6 0 5 2 E - 0 1 
6 . 7 3 0 6 E - 0 1 
8 . 8 5 6 2 E - 0 1 
8 . 9 8 2 3 E - 0 1 
9 . 1 0 8 7 E - 0 1 
9 . 2 3 5 5 6 - 0 1 
9 . 3 6 2 5 6 - 0 1 
9 . 4 9 0 0 6 - 0 1 
9 . 6 1 7 7 6 - 0 1 
9 . 7 4 5 8 6 - 0 1 
9 . 8 7 4 1 6 - 0 1 
l .OOQOE+00 
THETA 
6 . 2 0 0 8 6 - 0 2 
9 . 9 9 0 3 E - 0 2 
1 . 3 7 0 2 E - 0 1 
1 . 7 3 3 5 E - 0 1 
2 . 0 8 9 0 6 - 0 1 
2 . 4 3 6 7 6 - 0 1 
2 . 7 7 6 6 6 - 0 1 
3 . 1 0 8 6 6 - 0 1 
3 . 4 3 2 9 6 - 0 1 
3 . 7 4 9 3 6 - 0 1 
4 . 0 5 8 0 6 - 0 1 
4 . 3 5 8 8 6 - 0 1 
4 . 6 5 1 8 6 - 0 1 
4 . 9 3 7 0 6 - 0 1 
5 . 2 1 4 3 6 - 0 1 
5 . 4 8 3 9 E - 0 1 
5 . 7 4 5 6 E - 0 1 
5 . 9 9 9 6 E - 0 1 
6 . 2 4 5 7 E - 0 1 
6 . 4 8 4 0 E - 0 1 
6 . 7 1 4 5 E - 0 1 
6 . 9 3 7 2 E - 0 1 
7 . 1 5 2 0 E - 0 1 
7 . 3 5 9 1 E - 0 1 
7 . 5 5 8 3 E - 0 1 
7 . 7 4 9 8 E - 0 1 
7 . 9 3 3 4 E - 0 1 
8 1 0 9 2 E - 0 1 
8 . 2 7 7 2 E - 0 1 
8 . 4 3 7 3 e - 01 
8 . 5 8 9 7 6 - 0 1 
8 . 7 3 4 2 E - 0 1 
d . 8 7 1 0 E - 0 1 
8 . 9 9 9 9 E - 0 1 
9 . 1 2 1 0 E - 0 1 
9 . 2 3 4 3 E - 0 1 
9 . 3 3 9 8 E - 0 1 
9 . I . 3 7 4 E - 0 1 
9 . 5 2 7 3 E - 0 1 
9 . 6 Q 9 3 E - 0 1 
9 . 6 8 3 6 E - 0 1 
9 . 7 5 0 0 E - 0 1 
9 . 8 0 8 6 E - 0 1 
9 . a 5 g 4 E - 0 1 
9 . 9 0 2 3 E - 0 1 
9 . 9 3 7 5 E - 0 1 
9 . 9 6 4 8 6 - 0 1 
9 . 9 8 4 4 E - 0 1 




























































l . a O O O E + 3 0 
l .OOOQE+00 













1 . 0 0 0 0 6 + 0 0 
l.DOOOE+aO 




1 . 3 0 0 0 E + a O 
1 . 0 0 0 0 6 + 0 0 
1 . 0 0 0 0 6 + 0 0 
1 . 0 0 0 0 6 + 3 0 
l .OOOCE+00 
1 . 0 0 0 0 6 + 3 0 
l .OOOOE+30 
l .OCOOE+00 
1 . 3 0 0 0 E + J 0 
i . o o o o E + a o 
i . o o o o E + a o 
l.OOOOE+OO 
l .OOOOE+30 
1 . 0 0 0 0 6 + 3 0 
1 . 0 0 0 0 E < 30 
i . o o a o r . + 30 
1 . c o o n £ + 3 0 
l . O O r C E + 3 0 
l . O O a O E + 3 0 
i . D O C O t + 3 0 
l .QCOCt+JO 
l.OOOOE+OO 




















































2 . 0 8 3 3 3 6 - 0 6 
1 . 6 4 8 7 1 6 - 0 9 
3 . 4 2 7 5 3 E + 0 1 
1 . 6 4 8 7 1 E - 0 9 
1 . 1 5 7 9 7 E + 0 4 
1 . 9 8 3 4 3 E + 0 2 
4 . 5 3 5 0 6 6 + 0 1 
1 
1 . 6 4 8 7 1 6 - 0 9 
1 . 1 5 7 9 7 E + 0 4 
- 1 . 1 3 4 9 6 E + 0 7 
3 a 2 7 9 0 7 £ + 0 1 
2 
1 . 5 5 4 8 2 E - 0 9 
l a l 5 7 9 7 E + 0 4 
- l a 6 4 9 8 3 6 + 0 7 
3 a l l 2 7 1 6 + 0 1 
3 
l a 5 3 2 1 6 6 - 0 9 
l a l 5 7 9 7 £ + 0 4 
- l a 6 4 9 9 0 £ + 0 7 
3 . 1 2 8 4 7 E + 0 1 
4 
l a 5 3 3 7 5 £ - 0 9 
1 . 1 5 7 9 7 E + 0 4 
- l a 4 2 2 5 1 £ + 0 7 
3 . 3 9 7 5 8 6 + 0 1 
5 











































8 . 6 1 7 8 8 6 + 0 3 
8 . 6 1 7 8 8 6 + 0 3 
2 . 9 0 2 8 5 E + 0 4 
2 . 3 9 8 1 9 E + 0 5 
2 . 1 4 1 b 2 £ - 0 2 
8 . 6 1 7 8 9 E + 0 3 
2 a 7 4 6 Q l £ + 0 4 
2 . 3 9 2 5 4 E + 0 5 
1 . 3 0 9 8 7 E - 0 2 
8 . 6 3 4 7 8 E + 0 3 
2 . 7 3 2 6 6 E + 0 4 
2 . 3 9 7 7 1 6 + 0 5 
2 . 5 3 6 8 3 E - 0 2 
8 . 5 8 8 4 5 E + 0 3 
2 . 7 3 6 3 1 E + 0 4 
2 . 3 9 8 8 5 E + 0 5 
2 . 6 4 8 0 0 E - 0 2 
8 . 5 8 6 0 5 6 + 0 3 
2 . 7 4 9 5 2 E + 0 4 
2 . 3 9 8 5 3 E + 0 5 
2 . 4 0 1 0 0 E - 0 2 

















T S l 
F R I C T I O N 
VS 
RHOE 
T S l 


























- 2 a 3 5 9 0 9 E + a i 
- 2 a ^ 5 9 0 9 E + 0 1 
2 a 5 6 9 1 4 E - 0 4 
laUOuOOE+00 
4 a 3 8 9 2 6 E - Q l 
- 2 a 3 5 9 0 9 £ + 3 1 
2 . 7 1 5 8 9 E - 0 4 
lauOuOOE+OO 
6 a 8 3 d 3 4 6 - 0 1 
- 2 a 3 6 1 4 0 e + 0 1 
2 . 4 3 9 4 5 6 - 0 4 
l a t i 0 0 0 0 6 + 00 
7 a O 4 6 8 9 6 - 0 1 
- 2 . 2 9 0 5 5 6 + 0 1 
2 . 3 7 6 2 0 6 - 0 4 
LuOkOOE + OO 
7 . 3 3 7 9 7 E - 0 1 
- Z . H l b S Z E + O l 
2 a ^ 6 9 7 4 £ - 3 4 
l.uOuOOE+OO 








e P S I 
LEFT 
UE 


























CTH » l.OO 
0 . 
1.291586-31 






57 .693 S6C 
0 . 
1.360246-01 



























































0 . 3 0 3 0 
. 0 2 0 4 
aa408 
. 0 6 1 2 
. 0816 
. 1 3 2 0 
. 1224 
. 1 4 2 9 
. 1 8 3 3 
. 1 8 3 7 
. 2 0 4 1 
. 2 2 4 5 
. 2 4 4 9 
. 2 6 5 3 
. 2 8 5 7 
. 3061 
. 3 2 6 5 
. 3 4 6 9 
. 3 6 7 3 
. 3 8 7 8 
. 4382 
. 4 2 3 6 
. 4490 
. 4 6 9 4 
. 4 8 9 8 
. 5 1 0 2 
. 5 3 0 6 
. 5 5 1 0 
. 5 7 1 4 
. 5 9 1 8 
. 6 1 2 2 
. 6 3 2 7 
. 6 5 3 1 
. 6 7 3 5 
. 6 9 3 9 
. 7 1 4 3 
. 7 3 4 7 
. 7 5 5 1 
. 7755 
. 7 9 5 9 
. 8 1 6 3 
. 8 3 6 7 
. 8 5 7 1 
a8776 
. 3 9 8 0 
. 9 1 8 4 
. 9 3 8 8 
. 9 5 9 2 
. 9 7 9 6 
1.0 00 0 
1 
- 8 . 3 3 0 4 E - 2 8 
- 4 . 5 7 0 6 6 + 0 2 
- 1 . 0 2 3 1 6 + 0 3 
- 1 . 2 2 2 4 6 + 0 3 




8 . 2 9 7 3 6 + 0 1 
4 .0743E+01 
1 . 6 7 4 8 6 + 0 1 
5 . 6 9 2 4 6 + 0 0 
1 . 4 9 5 1 6 + 0 0 
2 . 5 0 0 5 6 - 0 1 
- 1 . 6 2 2 5 6 - 0 2 
- 4 . 7 5 5 8 6 - 0 2 
- 4 . 2 3 1 7 6 - 0 2 
- 3 . 5 3 0 2 E - 0 2 
- 2 . 9 6 2 5E-02 
- 2 . 5 0 2 5 E - 0 2 
- 2 . 1 2 2 4 E - 0 2 
- 1 . 8 C 3 7 E - 0 2 
- 1 . 5 3 2 9 E - 0 2 
- 1 . 3 0 0 1 E - 0 2 
- 1 . 0 9 7 5 6 - 0 2 
- 9 . 1 8 0 1 £ - f l 3 
- 7 . 5 2 7 3 E - 0 3 
- 5 . 8 4 3 6 E - 0 3 
- 3 a 7 0 0 6 E - 0 3 
4a5864E-05 
8a4586E-03 
2 a 9 5 6 5 E - 0 2 
8 a 3 8 5 0 £ - 0 2 
2a2217E-01 
5 . 6 7 3 9 6 - 0 1 
1 .40866+00 
3 . 4 0 8 8 6 + 0 0 
8 . 0 5 2 1 6 + 0 0 
1 . 8 5 8 3 6 + 0 1 
4 .1949E+01 
9 . 2 7 3 9 6 + 0 1 
2 . 0 1 1 9 6 + 0 2 
4 . 2 9 7 3 6 + 0 2 
9 . 0 9 0 2 6 + 0 2 















































































































6 a 7 4 6 3 E - 0 2 
1 . 5 1 4 2 E - 0 1 
2 . 4 0 5 0 E - 0 1 
3 . 2 2 1 4 E - 0 1 
3a8704E-01 
4 . 3 2 1 8 E - 0 1 
4 . 6 0 7 5 E - 0 1 
4 . 7 9 1 2 E - 0 1 
4 . 9 2 8 7 E - 0 1 
5 .D509E-01 
5 . 1 6 9 6 E - 0 1 
5 . 2 8 8 2 E - 0 1 
5 . 4 0 7 3 E - 0 1 
5 . 5 2 7 1 E - 0 1 
5a6475E-01 
5 . 7 6 8 6 E - 0 1 
5 . 8 9 0 2 E - 0 1 
6 a i i l 2 4 E - 0 1 
6 . 1 3 5 1 E - 0 1 
6a2584E-01 
6 . 3 8 2 1 6 - 0 1 
6 .5063E-C1 
6 . 6 3 1 0 6 - 0 1 
6 . 7 5 6 2 6 - 0 1 
6 . 8 8 1 7 6 - 0 1 
7 . 0 0 7 8 6 - 0 1 
7 . 1 3 4 2 E - 0 1 
7 . 2 6 1 1 6 - 0 1 
7 . 3 8 8 4 E - 0 1 
7 . 5 1 6 1 E - 0 1 
7 . 6 4 4 2 6 - 0 1 
7 . 7 7 2 7 6 - 0 1 
7 . 9 0 1 6 E - 0 1 
8 . 0 3 0 9 6 - 0 1 
8 . 1 6 0 5 E - 0 1 
8 . 2 9 0 6 E - 0 1 
8 . 4 2 1 0 6 - 0 1 
8 . 5 5 1 8 6 - 0 1 
8 . 6 8 2 9 6 - 0 1 
6 . 8 1 4 5 6 - 0 1 
8 . 9 4 6 3 E - 0 1 
9 . 0 7 8 6 6 - 0 1 
9 . 2 1 1 1 6 - 0 1 
9 . 3 4 3 9 6 - 0 1 
9 . 4 7 6 8 6 - 0 1 
9 a 6 0 9 8 E - 0 1 
9 a 7 4 2 4 E - 0 1 
9 . 8 7 3 8 E - 0 1 
laOOOOE+00 
THETA 
6 . 5 7 7 2 6 - 0 2 
1 . 2 3 8 5 6 - 0 1 
1 . 8 8 5 1 6 - 0 1 
2 . 4 2 4 1 E - 0 1 
2 . 7 3 0 3 E - 0 i 
2 . 9 0 8 3 E - 0 1 
3 . 0 4 2 6 E - 0 1 
3 . 1 4 8 1 E - 0 1 
3 . 2 2 0 5 E - 0 1 
3 . 2 6 0 3 E - 0 1 
3 . 2 7 7 4 E - 0 1 
3 . 2 8 3 0 E - 0 1 
3 . 2 8 4 5 E - 0 1 
3 . 2 8 4 8 E - 0 1 
3 . 2848E-01 
3 . 2 8 4 8 E - 0 1 
3 . 2 8 4 8 E - 0 1 
3 . 2 8 4 8 E - 0 1 
3 . 2 8 4 8 E - 0 1 
3 . 2 8 4 8 E - 0 1 
3 . 2 8 4 8 E - 0 1 
3 . 2 8 4 8 t - 0 i 
3 . 2 8 4 8 E - 0 1 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 E - 0 i 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 E - 0 1 
3 . 2 8 4 7 6 - 0 1 
3 . 2 8 4 8 E - 0 1 
3 a 2 8 4 8 E - 0 l 
3 . 2 8 4 8 E - 0 1 
3 . 2 8 4 9 E - 0 1 
3 . 2 8 5 2 E - 0 1 
3 . 2 8 5 8 E - 0 1 
3 . 2 8 7 1 E - 0 1 
3 . 2 8 9 9 E - 0 1 
3 . 2 9 5 7 E - 0 1 
3 . 3 0 7 5 E - 0 1 
3 . 3 3 1 9 6 - 0 1 
3 . 3 8 1 8 E - 0 1 
3 . 4 8 8 2 E - 0 1 
3 . 7 3 8 2 E - 0 1 
4 . 5 0 9 8 E - 0 1 
l.OOOOE+00 
0 
4 . 7 6 1 5 6 - 1 1 
6 . 3 9 4 7 E - 3 2 
1 . 5 3 6 2 6 - j l 
2 . 7 1 3 8 6 - 3 1 
4 . 1 2 0 7 E - 3 1 
5 . 5 0 6 3 E - 3 1 
6 .6499E-Q1 
7 . 4 4 8 1 E - 3 1 
7 . 9 1 5 0 E - 3 1 
8 . 1 4 2 4 E - J 1 
8 . 2 3 4 a E - 3 1 
8 . 2 6 4 1 6 - 3 1 
8 . 2 7 2 J E - 3 1 
8 . 2 7 3 5 E - J 1 
8.2737E-Q1 
8 . 2 7 3 6 C - J 1 
8 . 2 7 3 b £ - 3 1 
8 . 2 7 3 6 t - 3 1 
8 . 2 7 3 5 E - 3 1 
8 . 2 7 3 5 E - 3 1 
8 . 2 7 3 5 E - J 1 
d . 2 7 3 5 t - 3 i 
8 . 2 7 3 5 E - 3 1 
8 . 2 7 3 5 E - 3 1 
8 .273 ' .E-31 
8 . 2 7 3 4 6 - 3 1 
8 a 2 7 3 4 t - J l 
8 a 2 7 3 4 £ - 3 1 
8 . 2 7 3 4 E - 3 1 
8a2734E-31 
8 . 2 7 3 4 t - J l 
8 . 2 7 3 4 E - 3 1 
8 . 2 7 3 4 E - 3 1 
8 . 2 7 3 4 E - 3 1 
8 . 2 7 3 4 6 - 3 1 
8 . 2 7 3 3 E - 3 1 
8 . 2 7 3 3 6 - 0 1 
8 . 2 7 3 t E - 3 1 
8 . 2 7 2 8 E - 3 1 
8 . 2 7 2 1 E - a i 
8 .2706E-Q1 
8 . 2 6 7 5 E - 3 1 
8 . 2 6 0 8 E - 3 1 
8 . 2 4 7 1 E - 0 1 
8 . 2 1 9 1 E - 3 1 
8 . 1 6 1 4 E - 3 1 
8 . 3 3 9 0 E - J 1 
7 . 7 5 2 9 E - 0 1 
6 . 8 8 0 5 E - 3 1 






5 . 8 7 9 3 E - 3 1 
4a4937E-31 
3 . 3 6 0 1 E - 3 1 
2 . 5 5 1 9 6 - 3 1 
2 . 0 850 E-31 
1 . 8 5 7 6 E - 0 1 
l a 7 6 6 0 E - 3 1 
l a 7 3 5 9 £ - 3 1 
1 . 7 2 8 0 E - 3 1 
1 . 7 2 6 5 6 - 3 1 
1 . 7 2 6 3 6 - 3 1 
1 . 7 2 6 4 6 - 0 1 
1 . 7 2 6 4 E - 3 1 
i . 7 2 6 4 £ - 0 1 
1 . 7 2 6 5 E - 3 1 
1 . 7 2 6 6 E - 0 1 
l a 7 2 6 5 E - 0 1 
i a 7 2 6 5 E - 0 1 
l a 7 2 6 5 6 - 3 1 
1 . 7 2 6 5 E - 3 1 
1 . 7 2 6 6 E - 0 1 
1 . 7 2666-01 
l a 7 2 6 6 E - 0 1 
la 7 2 6 6 6 - 0 1 
l a 7 2 6 6 6 - 0 1 
l a 7 2 6 6 6 - 0 1 
l a 7 2 6 6 6 - 0 1 
l a 7 2 6 6 e - 0 1 
l a 7 2 6 6 6 - 3 1 
1 . 7 2 6 6 6 - 3 1 
l a 7 2 6 6 £ - 3 1 
l a 7 2 6 7 £ - 0 1 
l a 7 2 6 7 £ - 3 1 
1 . 7 2 b 9 E - 0 1 
i a 7 2 7 2 E - 0 1 
1 . 7 2 7 9 E - 0 1 
l a 7 2 9 4 £ - 3 1 
l a 7 3 2 5 E - 0 1 
l a 7 3 9 2 E - 3 1 
l a 7 5 2 9 E - 0 1 
1 . 7 8 0 9 E - 0 1 
l a 8 3 8 6 E - a i 
1 . 9 6 1 0 E - 3 1 
2 a 2 4 7 1 E - 0 1 
3 . 1 1 9 5 E - 0 1 
9 a l l 4 7 E - 0 1 
A . 
ELECTRON TOTAL 
N ETA Y/RN V BETA/EdS DENSITY DENSITY ENTHALPY 
1 0 . 0 0 0 0 0 . 0 . - 1 . 6 4 0 6 E - 3 1 4 . 1 4 3 3 E - 3 3 0 . 1 . 0 4 8 5 E + 0 7 
2 . 0 2 0 4 1 . 8 2 2 7 E - 0 4 - 2 . 4 0 0 2 E - 0 2 ~ 1 . 6 4 0 o £ - 3 1 2 . 0 6 8 0 E - 3 3 0 . 3 . 2 0 2 2 E + 0 / ' 
3 . 0 4 0 8 5 . 0 9 1 7 E - 0 4 - 1 . 0 4 8 7 E - 0 1 - 1 . 6 4 3 3 E - 3 1 1 . 2 5 3 1 E - 3 3 0 . 5 . 9 7 2 5 E + 0 7 
4 . 0 6 1 2 1 . 0 0 4 5 E - 0 3 - 2 . 5 0 6 9 E - 0 1 - 1 . 6 3 9 5 6 - 3 1 8 . 8 4 2 0 6 - 0 4 0 . 9 . 0 5 7 8 E + 0 7 
5 . 0 8 1 6 1 . 6 6 7 3 E - 0 3 - 4 . 6 0 4 1 E - 0 1 - 1 . 6 3 7 9 E - 1 1 7 . 0 6 8 2 E - 3 4 0 . 1 . 2 1 1 4 E + 0 8 
6 . 1 0 2 0 2 . 4 4 3 7 E - 0 3 - 7 . 2 4 6 6 E - 0 1 - l a 6 3 5 2 E - 3 1 b a 0 4 2 8 E - 0 4 Oa 1 . 4 8 9 3 E + 0 8 
7 . 1 2 2 4 3 . 3 4 4 1 6 - 0 3 - 1 . 0 2 9 5 E + 0 0 - 1 . 6 3 1 8 6 - 3 1 5 . 3 7 9 3 6 - 3 4 0 . 1 . 7 1 6 9 6 + 0 8 
8 . 1 4 2 9 4 . 3 3 7 2 6 - 0 3 - 1 . 3 6 1 4 6 + 0 0 - 1 . 6 2 7 7 6 - 3 1 4 . 9 6 1 1 6 - 3 4 0 . 1 . 8 7 8 7 6 + 0 0 
9 . 1 6 3 3 5 . 3 9 6 0 6 - 0 3 - 1 . 7 1 0 2 E + 0 U - 1 . 6 2 3 2 6 - 3 1 4 . 7 2 3 2 6 - 3 4 0 . 1 . 9 7 5 7 6 + 0 8 
10 . 1 8 3 7 6 . 4 9 3 6 6 - 0 3 - 2 . 3 7 0 8 6 + 00 - I . b l 8 4 £ - J l 4 a 6 0 7 1 6 - 3 4 0 . 2 . 0 2 3 9 6 + 0 ( 4 
1 1 . 2 0 4 1 7 . 6 1 0 0 6 - 0 3 - 2 . 4 4 1 0 E + 0 U - 1 . 6 1 3 3 E - 3 1 4 . 5 6 0 1 E - 3 4 0 . 2 . 0 4 3 5 E + 0 O 
1 2 . 2 2 4 5 8 . 7 3 3 5 E - 0 3 - 2 . 8 2 0 1 E + 0 3 - 1 . 6 0 7 9 E - 3 1 4 . 5 4 4 7 6 - 3 4 0 . 2 . 0 5 0 0 6 + 0 6 
1 3 . 2 4 4 9 9 . 8 5 9 3 6 - 0 3 - 3 . 2 0 6 0 6 + 0 0 - 1 . 6 0 2 3 6 - 3 1 4 . 5 4 0 7 6 - 3 4 0 . 2 . 0 5 1 7 6 + O t t 
1 4 . 2 6 5 3 1 . 0 9 8 6 6 - 0 2 - 3 . 6 Q 4 7 E + 0 3 - 1 . 5 9 6 5 6 - 3 1 4 . 5 4 0 0 6 - 3 4 0 . 2 a 0 5 2 0 E + 0 o 
1 5 . 2 8 5 7 1 . 2 1 1 2 E - 0 2 - 4 . Q l t i 2 E + 0 3 - 1 . 5 9 0 4 E - 3 1 4 . 5 3 9 9 E - 0 4 0 . 2 . 0 5 2 0 E + 0 O 
1 6 . 3 0 6 1 1 . 3 2 3 8 E - 0 2 - 4 . 4 2 4 7 6 + 0 3 - 1 . 5 8 4 i j £ - J l 4 . 5 3 9 9 E - 3 4 0 . 2 . f l 5 2 0 E + 0 « 
1 7 . 3 2 o 5 1 . 4 3 6 5 E - 0 2 - 4 . 8 4 8 1 E + 0 J - 1 . 5 7 7 4 6 - 3 1 4 . 5 3 9 9 E - 0 4 0 . 2 a 0 5 2 B E + 0 o 
1 8 . 3 4 6 9 1 . 5 4 9 1 6 - 0 2 - 5 . 2 8 0 5 6 + 0 3 - 1 . 5 7 D 4 c - ] l 4 . 5 4 u C e - 3 4 0 , 2 . 0 5 2 0 6 + 0 O 
1 9 a 3 6 7 3 l , 6 6 1 8 E - 0 2 - 5 . 7 2 2 0 6 + 0 0 - 1 . 5 6 3 2 6 - j l 4 . 5 4 U 0 6 - 3 4 0 . 2 . 0 5 2 0 6 + 0 8 
2 0 . 3 8 7 8 1 . 7 7 4 4 E - 0 2 - 6 . 1 7 2 5 E + 0 0 - 1 . 5 5 5 7 6 - 3 1 4 . 5 4 0 0 6 - 3 4 0 . 2 . 0 5 2 0 6 + O a 
2 1 . 4 3 8 2 1 . 8 8 7 0 e - 0 2 - 6 . 6 3 2 2 6 + 0 0 - 1 . 5 4 7 8 6 - 3 1 4 . 5 4 C 0 E - 3 4 0 . 2 . 0 5 2 0 E + 0 a 
2 2 . 4 2 8 6 1 . 9 9 9 7 E - 0 2 - 7 . 1 & 1 1 E + 0 U - 1 . 5 3 9 b E - j l 4 . 5 4 0 0 E - 3 4 0 . 2 . 0 5 2 0 E + 0 O 
2 3 . 4 4 9 0 2 . 1 1 2 3 E - 0 2 - 7 . 5 7 9 1 E + 0 0 - X . 5 3 1 2 E - 3 1 4 . 5 4 0 O E - 0 4 0 . 2 . 0 5 2 u £ + 0 s 
2 4 . 4 6 9 4 2 . 2 2 4 9 E - 0 2 - 8 . 0 6 6 3 E + 0 U - 1 . 5 2 2 4 t - 3 1 4 . 5 4 0 0 6 - 3 4 0 . 2 . 0 5 2 0 E + 0 8 
2 5 . 4 8 9 8 2 . 3 3 7 6 E - 0 2 - 6 . 5 b 2 9 £ + 0 0 - 1 . 5 1 3 2 E - 3 1 4 . 5 4 0 0 E - 3 4 0 . 2 . 0 5 2 0 E + 0 O 
2 6 . 5 1 0 2 2 . 4 5 0 2 E - 0 2 - 9 . 3 b 8 7 E + 0 a - 1 , 5 0 3 7 6 - 3 1 » . . 5 4 0 0 E - 3 4 0 . 2 . 0 5 2 0 E + 0 6 
2 7 . 5 3 0 6 2 . 5 6 2 9 E - 0 2 - 9 . 5 8 3 9 6 + 0 0 - 1 . 4 9 3 8 t - 3 1 4 . 5 4 3 0 E - 3 4 0 . 2 . 0 5 2 0 E + 0 8 
2 8 . 5 5 1 0 2 . 6 7 5 5 E - 0 2 - 1 . 0 1 C 8 E + 0 1 - 1 . 4 8 3 6 6 - 3 1 4 . 5 4 3 0 E - 3 4 0 . 2 . 0 5 2 0 E + 0 6 
2 9 . 5 7 1 4 2 . 7 8 8 1 E - 0 2 - 1 . 0 6 4 2 E + 0 1 - 1 . 4 7 3 1 6 - 3 1 4 . 5 4 0 0 E - a 4 0 . 2 . 0 5 2 0 E + 0 6 
3 0 . 5 9 1 8 2 . 9 0 0 8 E - 0 2 - 1 . 1 1 8 6 E + 0 1 - I . 4 6 2 1 6 - 3 1 4 . 5 4 0 0 6 - 3 4 0 . 2 . 3 5 2 3 E + 0 O 
3 1 . 6 1 2 2 3 , a i 3 4 E - 0 2 - 1 . 1 7 3 8 E + 0 1 - 1 . 4 5 0 7 E - 3 1 4 . 5 4 0 C E - 3 4 0 . 2 a a 5 2 Q £ + 0 8 
32 . 6 3 2 7 3 . 1 2 6 0 E - 0 2 - 1 . 2 3 0 1 t + 0 1 - 1 . 4 3 9 3 6 - 1 1 ' • . 6 4 0 0 E ~ 3 4 0 . 2 a 3 5 2 0 E + 0 a 
33 a 6 5 3 1 3 a 2 3 8 7 E - 0 2 - 1 , 2 8 7 3 6 + 01 - 1 . 4 2 6 ' d 6 - J l t . 5 4 0 0 6 - 3 4 0 . 2 .052QE + 0O 
3 4 . 6 7 3 5 3 . 3 5 1 3 E - 0 2 - 1 . 3 4 5 4 6 + 0 1 - 1 . 4 i 4 3 t - J l 4 . 5 4 C C 6 - 3 4 0 . 2 . 3 5 2 0 E + 0 t t 
3 5 . 6 9 3 9 3 . 4 6 4 0 E - 0 2 - 1 . 4 0 4 5 6 + 0 1 - 1 . 4 0 1 4 E - J 1 4 . 5 4 0 0 6 - 0 4 C. 2 . 0 5 2 0 E + 0 8 
3 6 . 7 1 4 3 3 . 5 7 6 6 E - 0 2 - 1 . 4 6 4 5 £ + 0ji - 1 . 3 8 8 0 E - 3 1 • • . 5 4 d C E - 3 4 0 . 2 . 3 5 2 0 E + 0 O 
3 7 . 7 3 ' . 7 3 . 6 6 9 2 E - 0 2 - 1 . 5 2 5 6 E + 0 1 - 1 , 3 7 4 2 6 - 3 1 ^ . 5 3 9 9 6 - 3 4 0 . 2 . a 5 2 0 E + 0 o 
3 8 . 7 5 5 1 3 . 8 0 1 9 E - 0 2 - 1 . 5 8 7 5 6 + 0 1 - 1 . 3 5 9 9 t - ^ l 4 . 5 3 9 6 6 - 3 4 C. 2 a 3 5 2 u E + 0 t t 
3 9 . 7 7 5 5 3 . 9 1 4 5 6 - 0 2 - 1 . 6 5 U 5 £ + 0 i - 1 . 3 4 5 2 E - 3 1 4 . 5 3 9 5 t - 3 4 0 . 2 . 0 5 2 0 6 + 0 0 
4 0 . 7 9 5 9 4 . 0 2 7 2 E - 0 2 - 1 . 7 1 4 4 6 + 0 1 - 1 . 3 3 Q u E - 3 1 4 . 5 3 8 9 6 - 3 4 0 . 2 . 3 5 2 G £ + 0 a 
4 1 . 8 1 6 3 4 . 1 3 9 9 E - 0 2 - 1 . 7 7 9 3 6 + 01 - 1 . 3 1 4 i + L - 3 l 4 . 5 3 7 4 6 - 3 4 0 . 2 . 3 5 2 0 E + 0 O 
4 2 . 8 3 6 7 4 . 2 5 2 6 6 - 0 2 - 1 . 3 4 5 2 E + 0 1 - 1 . 2 9 8 3 c - J l 4 . 5 3 4 4 £ - 3 4 0 . 2 . 3 5 2 U E + 0 O 
4 3 . 8 5 7 1 4 . 3 6 5 4 E - 0 2 - i . 9 1 2 0 E + 0 1 - 1 . 2 6 1 7 E - J 1 4 a 5 2 8 1 £ - 3 4 0 . 2 . 3 5 2 0 E + 0 8 
4 4 . 8 7 7 6 • • . 4 7 8 5 6 - 0 2 - 1 . 9 7 9 9 6 + 0 1 - 1 . 2 6 4 o E - J l 4 . 5 1 5 2 6 - 3 4 0 . 2 . 0 5 2 1 6 + 0 O 
4 5 . 8 9 8 0 4 . 5 9 2 0 6 - 0 2 - 2 . 0 4 8 7 6 + 0 1 - 1 . 2 4 7 0 6 - 3 1 ^ . 4 6 9 2 6 - 0 4 0 . 2 a 0 5 2 2 6 + 0 a 
4 6 a 9 1 8 4 4 . 7 0 6 5 E - 0 2 - 2 . 1 1 8 5 E + 0 1 - 1 . 2 2 8 9 t - ) l • • . 4 3 6 8 E - 3 4 0 . 2 . 0 5 2 4 E + 0 O 
4 7 . 9 3 8 8 4 . 8 2 2 8 E - 0 2 - 2 . 1 8 9 3 E + 0 1 - 1 . 2 1 0 3 6 - 3 1 4 . 3 3 0 7 6 - 3 4 0 . 2 . 3 5 2 9 £ + 0 o 
4 8 . 9 5 9 2 4 . 9 4 3 2 E - 0 2 - 2 . 2 6 1 1 6 + 0 1 - 1 . 1 9 i 2 E - 3 1 4 . 1 0 6 3 6 - 3 4 0 . 2 . 3 5 4 1 E + 0 O 
••9 . 9 7 9 6 5 . 0 7 3 3 E - 0 2 - 2 . 3 3 3 8 6 + 0 1 - 1 . 1 7 1 5 c - 3 1 3 . 5 7 9 6 6 - 0 4 Oa 2 a Q 5 7 7 E + 0 o 
50 1 . 0 0 0 0 5 . 2 4 3 2 E - 0 2 - 2 . 4 0 7 5 E + 0 1 - i . l 5 1 4 £ - 3 1 2 . 5 0 3 6 6 - 3 4 0 . 2 . Q 4 1 7 6 + 0 O 
TIME LEFT = 4 7 . 0 3 7 SEC 
QCOND = - 1 . 2 4 3 2 7 E + a 6 
QDIFF = - l a 5 5 9 0 4 £ + 0 6 
QCONV = Oa 
QTOTAL = - 2 . 6 0 2 3 1 E + 3 6 
Q T 0 T A H B T U / F T 2 - S E C ) = - 3 a 6 0 1 2 2 E + 03 
STANTON NUMBER 2 . 2 3 2 4 5 E - 3 2 
RHO V 
HEAT TRANSFtR 
HEAT TRANSFER, BOUY 
DISPLACEMENT THICKNESS/RN 
MOMENTUM THICKNESS 
L AT BOUY 
SKIN FRICTION 
0 . 
5 a 6 8 1 6 6 E - 0 l 
3 a 5 3 3 0 1 E - 0 l 
- l a 3 8 6 3 7 E - 0 2 
l a 4 4 7 9 0 6 - 0 3 
2 .6S813E+00 




MALL HASS FLUX 
- 9 a l 9 6 4 7 6 - 0 3 
9 . 1 9 6 4 7 6 - 0 3 
END OF THIS PROBLEM 
(2) Example 2 - This problem is for the solution of the boundary layer equations along a sphere-cone body with 
1-inch nose radius and 10 half-ajigle cone. The gas model for this case is air with the species Op, H„, 0, N, 
NO, NO , and e". Seven homogeneous chemical reactions are used and multi-component diffusion coefficients are 
employed. The wall temperature is 1000 K and constant along the boijy. The wall is taken as fully catalytic 
recombination except for NO which is non-catalytic. The first estimates of the initial profiles are profiles 
available from a previous computer solution. The profiles are iterated 87 times before convergence. The 
entire profiles are printed-out every kO iterations. The solution proceeds until x is 20 ft. and this requires 
95 steps along the body with variable step-sizes employed. The edge tables are for the case where the invlscid 
flow is being swallowed into the boundary layer with the mass flows matched. Central processing time for this 




10 DEGREE SPHERE 
28 6 
SPNA 02 N2 0 































































































































































































































































































































































N0+ 0 ,07)03467 178941?'93'^2,978394 .-•••. 
NO N ,0191055 1,4904448 -10,358828 
N0+" N ,0003467 1.8^41303-12,o78394 " " 
NO+NO ,0039930 1.5589336 -11.441502 ^ 
VC 02 .0449290 -.0826158 - 9.20195 
VC N2 .0268142 .3177833 -11.31555 _ _ 
¥C 0 .0203144 .42"O4404"-ll.60314 
VC N .0115572 .5031579 -12.43275 
VC NO .04-56378 -.0^35511 - o,c;7674 
V_CNO+ .3020141 -3.'=.03079 - 3.73552 
02 "•+Mi =0 +0 +M1 3.51+18 59.4 -1. ' 3.01+15 0. -.5 
N2 +M2 =N +N +M2 1.92+17113.1 -.5 1.09+15 0. -a5 
"N2 +N ' =N +N +N 4 . 1 5 + 2 2 1 1 3 . 1 - 1 , 5 2 . 3 2 + 2 1 0 . - 1 . 5 
NO +M3 =N +0 +M3 3 .97+20 75a6 - 1 . 5 1 .01+20 0 . - 1 . 5 
NO ' +0 =02 +N 3 .18 +9 19a7 1 . o . f e g + n 3 , 5 . 5 
N2 +0 =Nn +N 5 .75+13 3 7 . 5 0 . 1.5 +13 0 . . 0 
N +0 =N0+ +EL 9 . 0 3 +9 3 2 . 4 , 5 1.8 +19 0 , - 1 , 0 
Z E - _ 0 , o 0 . 0 _ _ O , 0 0 . 0 0 . 0 1,0 
Z Mi 9 . 6 "Zio 2 5 , 0 1,0 1,0 0 , 0 
Z M2 1.0 2 . 5 1 .0 0 . 0 1.0 0 ,0 
Z M3 1.0 1,0 2 0 , 0 2 0 . 0 2 0 . 0 0 , 0 
NK'T 4 
XPN' , n " 1 " . 5 0 , 0 2 5 0 , 
T W T _ 1000, 10"^. 1000. 1000, 
RVP't '"".0 ',0 ,0 .0 
TETE 6,0 6,0 6.0 6,0 
BOnSP 10 1 20, 10, 
STFPl ,0 ,01 
STFP? .1 ,025 
STFP3 .5 ,05 __ ___ 
STFP4 1.0 ,1 
STFP5 3.0 ,25 
STFP6 5." ,5 
.5TFP7 12. 1.0 
<;TFPR 26,0 2,0 
STFPO 50, 5,0 
STDln 740, ]0. 
PT""0 l.n l.n l.n 74 
XAEDGO. l.'"0onF-023.8O0nE-027,6667F-021.260OE-011.842 2E-O12.5073E-01 
XAFDG3.2 5 53E-014.086 2E-015.000 0E-016.0 514E-017.4046E-019.05 94P-011.00COE+00 
XAEDG1.1016E+rO1.2150E+C01.34O3E+001,4774E+O01,62 63E+001,7871E+001.9596E+00 
XAEDG2.1440E+002.3403F+002.5484E+002.75 83E+003.0000E+003.2435F+00 3.5095E+00 
XAEDG3.79 80E+004.1089E+C04.442 2E+C04.79 80E+005.1762E+00 5.5759E+006.0000E+00 
XAEDG6.445 5E+006.9454F+O07.5O25E+008.1139E+O08,7805E+0O9.502 5E+001.0280E+01 
XAEDG1.2 000F+011.2 943E+011.3OB?E+011.5134F+011,6'P2E+011.7731E+011.9182F+01 
XAFDG2.0734E+012.23P3F+01?.5 000F+012.795 8F+013.0407E+013.'346F+013.5774E+01 
XAEDG4.0693E+014.5101E+015.000 0E+015.0O97F+C16.6 8 26E+017.O142E+018.5630E+01 
XAFDG9_.92 55F+011,0641F+02],2137E+021.2oi7P+021.45 45E+021,5'5 91E+021,7150F+02 
XAEDG1.8063E+0 21.9954F+02 2,1933E+022.2955F+02 
PAFDG1.2 754E+04].2 752F+041.273 0E+041.2661F+041.2517E+041.22 49E+041.ie35E+04 
PAFDG1.1244F+041.0449E+04o.45O3E+038,201SE+036.5404E+034.6217F+033.6733E+03 
PAEDG2.7932E+031.9950E+031.3 306E+031.0605E+039.95 5PE+029.3344F+0 2 8.7425F+02 
PAFDG8.188SE+027.6737F+027.2013F+025.7659F+026a3666E+025.0008F+0 2 5.6520E+02 
PAFDG5.3 232E+C25.0194F+024.7409E+024,^S93E+024.2525E+024.0596E+0 2 3.8794E+02 
"PAEDG3.7207E+023V5732E+023.4396E+023.3 231E+02 3.22 61E+02 3.1449E+02 3.0805E+02 
•pxETrsT; 
PAFDG3, 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































IMC = 4 
IPRT = 4 0 
IPUN = 1 
IREAO = 1 
KOPE = 1 0 0 
KOPT = 1 
DEGREE SPHERE CONE 
K = 1 . 0 0 
TOL = .aoa205 
ANOH = i . a o o o 
AENE = 1 . 0 0 0 0 
ASPE = 1 . 3 0 0 3 


































1 . 6 6 1 Q 0 E + 0 8 la400aDE+aO 
3 a 6 1 9 0 0 E + 0 8 1 . 4 0 0 0 0 E + 0 0 
3 .225QOE+07 1 .400aOE+00 
















= 0 0 
= N N 
= N N 
= N 0 
= 02 N 







2 a l 6 5 8 6 E -
1 . 9 1 0 5 5 E -
4 a i a 8 6 4 E -
3a4670aE-
l a 6 d 9 0 7 E -
1 .91Q55E-
3 a l 5 9 5 5 E -
3a467a3E-
- 4 a 3 3 8 3 a E -
1 . 8 3 4 4 1 E -
3 . 4 b 7 0 0 E -
l a 9 1 0 5 5 E -
3 .4&70aE-


















RN = a 
RS = a 
DELTA =0a 
TKH = 
E 0 = 
E 02 = 
BHO 
9.78422E 




l o o a . o o o o 
- JaOOOO 
-OaOQQO 
- 0 1 
la38757E+00 





1.22254E + 00 
1.89414E+00 








3 . 2 0 0 0 0 E + 0 1 
2 . 8 0 1 6 0 E + 0 1 
1 . 6 0 0 0 0 E + 0 1 
l a 4 0 0 8 0 E + 0 1 
3 . 0 0 a 8 0 E + 0 1 
3 a 0 0 0 8 0 E + Q l 
CO 
3 . 6 i a £ + 1 3 
l a 9 2 0 E + 1 7 
4 .15DE+22 
3a970E+20 
3 . 1 8 0 E + 0 9 
6 . 7 5 0 E + 1 3 


























- 3 a 
- 3 . 
CHO 
- 8 a 3 3 5 4 9 E + 0 0 
- 9 . 7 3 9 0 0 E + 0 0 
- 1 . 0 3 5 8 8 E + 0 1 
- 8 . 4 4 5 5 5 E + 0 0 
- 1 . 2 9 7 8 4 E + 0 1 
- l a 0 6 2 9 3 E + 0 1 
- l a 0 3 5 8 8 E + 0 1 
- 9 . 4 8 6 2 9 E + 0 0 
- l a 2 9 7 8 4 E + 0 1 
- 1 . 1 8 9 1 3 E + 0 1 
- l a 0 2 6 5 9 E + 0 1 
- 1 . 2 9 7 e 4 E + 0 1 
- 1 . 0 3 5 8 8 E + 0 1 
- 1 . 2 9 / 8 4 E + 0 1 
- 1 . 1 4 4 1 5 E + 0 1 
BHU CHL 
0 6 / 1 8 / 7 0 
= 20000 
= 23 
2 2 6 
: 6 1 5 8 E - 0 2 - 9 . 2 0 1 9 5 E + 0 0 
L 7 7 8 4 E - 0 1 - l a l 3 1 5 5 E + 0 1 
; 9 4 4 0 E - 0 1 - 1 . 1 6 0 3 1 E + 0 1 
) 3 1 b 8 E - 0 1 - 1 . 2 4 3 2 7 E + 0 1 
3 5 5 1 1 E - 0 2 - 9 . 5 7 b 7 4 E + 0 0 








00 3 a 0 t 0 E + l S 
. 50 laOSOE+lb 
. 5 0 2 . 3 2 0 E + 2 1 
. 5 0 l . O l O E + 2 0 
. 0 0 9 a 6 3 0 E + l l 
. 0 0 1 .50DE+13 









. 0 0 0 0 
. 2 7 1 9 


























- . 5 0 
- . 5 0 
- 1 . 5 0 
- 1 . 5 0 
a50 
OaOO 
- 1 . 0 0 
LEHIS NOS. 
CINF 
2 . 3 2 8 0 0 E - 0 1 
7 . 6 7 Z O 0 E - 0 1 
- 0 . 
- 0 . 
- 0 . 
- 0 . 
CSALPH 






1 . 0 0 
PROFILE 
CSBETA 
2 . 0 0 
2 . 0 0 
2 . 0 0 
2 . 0 U 
t . O O 
1 . 0 0 
1 . 0 0 
?\ 
STOICHIOHETKIC COEF. 















0 . 0 0 
0 . 0 0 
OaOO 
0 . 0 0 





0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
o.oc 
0 . 0 0 
O.OQ 
0 . 0 0 
1 . 0 0 
o.oc 
3 
0 . 0 3 
1 . 0 0 
0 . 0 0 
i . o a 
0 . 0 0 
0 . 0 0 
coo 
o.oa 
0 . 0 1 
0 . 0 0 
4 









i . o a 
5 
O.oa 
0 . 0 0 
1 . 0 0 
0 . 0 0 
1 . 0 0 
o.oa 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
6 
a . 0 0 
I . a o 
1 .00 




3 . 3 0 
j . a o 
3 . 3 0 
7 
0 . 0 0 
0 . 0 0 
1 .00 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.CQ 
o.oa 














0 . 0 0 
2 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
2 
OaOO 
0 . 0 0 
0 . 0 0 
2 .0C 
O.OQ 
0 . 0 0 
0 . 0 0 
0 . 0 0 
l .OC 
0 . 0 0 
3 
o.oa 
0 . 0 0 
0 . 0 0 
3 . 0 0 
0 . 0 0 
0 . 0 0 
o.oa 
0 . 0 0 
o.ao 





I . o a 
o .oa 
o.oa 
0 . 0 J 
OaOJ 
OaOa 
I . o a 
5 
1 . 0 0 
0 . 0 3 
o.oc 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OQ 
0 . 0 0 
6 
J . 0 0 
] . a o 
3 .30 
1 .00 
1 . 3 0 
3 .30 
j . 3 a 
a . 3 0 
J . 0 0 
3 . 3 0 
7 




0 . 0 0 
1 . 0 0 
laOO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
THIRD BOOr EFFECIENCIES - Z I N I . N L ) 
N L / N I 1 2 3 4 5 6 
EL O.DOOO 0 . 0 0 0 0 0 . 0 3 0 3 0 . 0 3 1 0 3 . 3 0 0 0 1 . 3 0 0 0 
M l 9 . 0 0 0 0 2 . 0 0 0 0 2 5 . 0 0 3 0 1 . 3 0 3 3 1 . 0 0 0 0 0 . 1 0 0 0 
H2 1 .0000 2 . 5 0 0 0 1 .0300 0 . 0 0 3 3 1 .3000 0 . 3 0 0 0 









• 5 . 0 0 0 0 0 E + 0 1 












6 . 0 0 0 0 0 E + 0 0 




IPRTB XHAX = 
CONE ANGLE = 
2aaaoooo 
lOaOOooa 
NORM SH PRESS = 1.0000 
NORM SH TEMP = 1.0000 
NORM SH VEL = l.OOQO 
OELT 
X = 0 . 0 0 
X = . 0 1 0 
. 1 0 . 5 0 1 .00 3 . 0 0 
. 0 2 5 . 0 5 0 .100 
6.00 12.00 26a00 50.00 24aaao 







































l . O a O O E - 0 2 
3a8aOOE-02 
7 . 6 6 6 7 E - 0 2 
1 . 2 6 0 0 E - 0 1 
1 . 8 4 2 2 E - 0 1 
2 a 5 0 7 3 E - 0 1 
3. 2 5 5 3 E - 0 1 
4 a 0 8 b 2 E - 0 1 
5. OOOOE-Ol 
6 a 0 5 1 4 E - 0 1 
7 a 4 0 4 6 E - 0 1 
9 . 0 5 9 4 E - 0 1 
l.OOOOE+OO 
1 . 1 0 1 6 E + 0 0 
l a 2 1 5 0 E + 0 0 
1 . 3 4 a 3 E + 0 0 
l a 4 7 7 4 E + 0 0 
l a 6 2 & 3 E + 0 0 
l a 7 8 7 1 E + 0 0 
1 . 9 5 9 6 E + 0 0 
2 . 1 4 4 0 E + 0 0 
2 . 34a3E+00 
2 . 5 4 8 4 E + 0 0 
2 a 7 6 8 3 E + 0 0 
3aOOaOE+00 
3a2 436E+0 0 
3a5096E+00 
3 . 7 9 8 0 E + 0 0 
4 a l 0 8 9 E + 0 0 
4a4422E+00 
4a7980E+00 





1 . 2 7 5 4 E + 0 4 
1 . 2 7 5 2 E + 0 4 
1 . 2 7 3 0 E + 0 4 
1 . 2 6 6 1 E + 0 4 
1 . 2 5 1 2 E + 0 4 
1 . 2 2 4 9 E + 0 4 
1 . 1 8 3 6 E + 0 4 
l a l 2 4 4 E + 0 4 
1 .0%49E+04 
9 a 4 5 0 3 E + 0 3 
ea2018E+03 
6a54G4E+03 
4 . 6 2 1 7 E + 0 3 
3 . 6 7 3 3 E + 0 3 
2 a 7 9 3 2 E + 0 3 
l a 9 9 6 0 E + 0 3 
l a 3 3 0 6 E + 0 3 
l a 0 6 0 5 E + 0 3 
9 a 9 5 5 e E + 0 2 
9 . 3 3 4 4 E + 0 2 
8 . 7 4 2 5 E + 0 2 
8 a l 8 8 8 £ + 0 2 
7a6737E+02 
7 a 2 0 1 3 E + 0 2 
6 a 7 6 6 9 E + 0 2 
6a3666E+0Z 
6 a 0 0 0 8 E * 0 2 
5 a 6 5 2 0 E + 0 2 
5a3232E+0 2 
5 . 0 1 9 ' i E + 0 2 
4 a 7 4 0 9 E + 0 Z 
4 a 4 8 9 3 E + 0 Z 
4a2625E+02 
4 . 0 5 9 6 E + 0 2 
3 . 8 7 9 4 E + 0 2 
3 . 7 2 0 7 E + 0 Z 
VA 
0 . 
9 . 6 2 1 2 E + 0 1 
3 . 6 5 6 1 E + 0 2 
7 . 3 7 6 3 E + 0 2 
l a 2 1 2 3 E + 0 3 
l a 7 7 2 4 E + 0 3 
2 . 4 1 2 3 E + 0 3 
3 a l 7 7 2 E + 0 3 
3 . 9 6 3 2 E + a 3 
4 . 8 1 0 6 E + 0 3 
5a7601E+03 
6 . 9 4 1 2 E + 0 3 
8a3042E+03 
9a0291E+03 
9 . 7 6 5 3 E + 0 3 
1 . 0 5 2 5 E + 0 4 
l a l 2 8 6 E + 0 4 
l a l 6 8 5 E + a 4 
l a l 8 1 5 E + 0 4 
l a l 9 3 9 E + 0 4 
l a 2 0 6 3 E + 0 4 
la2185E+Q4 
l a 2 3 0 6 E + 0 4 
l a 2 4 2 3 E + 0 4 
1 . 2 5 3 8 E + 0 4 
1 . 2 6 5 0 E + 0 4 
1 . 2 7 5 9 E + 0 4 
l a 2 8 6 9 E + 0 4 
1 . 2 9 8 0 E + a 4 
l a 3 0 9 0 E + 0 4 
l a 3 1 9 8 E + 0 4 
1 . 3 3 0 9 E + 0 4 
l a 3 4 1 9 E + 0 4 
1 . 3 5 2 3 E + 0 4 
l a 3 6 Z 3 E + 0 4 
l a 3 7 2 0 E + 0 4 
TA 
l a 2 5 2 4 E + 0 4 
1 . 2 5 2 4 E + 0 4 
l a 2 5 2 1 E + 0 4 
l a 2 5 1 1 E + 0 4 
l a 2 4 9 3 E + 0 4 
l a 2 4 5 8 E + 0 4 
l a 2 4 a 3 E + a 4 
l a 2 3 2 0 E + 0 4 
l a 2 1 9 9 E + 0 4 
1 . 2 0 3 0 E + 0 4 
l a l 7 8 4 E + 0 4 
l a l 3 6 3 E + 0 4 
l a 0 6 7 8 E + 0 4 
l a 0 1 9 1 E + 0 4 
9 . 5 9 1 8 E + 0 3 
8 . 8 5 2 4 E + 0 3 
7a9840E+03 
7 . 5 3 7 4 E + 0 3 
7 . 4 3 3 3 E + 0 3 
7 . 3 2 6 4 E + 0 3 
7 a 2 i a i E + 0 3 
7 a l l 0 5 E + 0 3 
7a003bE+03 
6a8998E+03 
6 a 7 9 8 9 E + 0 3 





b . 2 3 4 b E + 0 3 
6 . 1 4 9 8 E + 0 3 
6a0694E+03 
5 . 9 9 5 1 E + 0 3 
S . 9 2 b 3 E + 0 3 
5 . e 6 4 4 E + 0 3 
EDGE TABLES 
02 
5 a 3 2 1 9 E - 0 4 
5 a 3 2 2 9 E - 0 4 
5 a 3 3 8 8 E - a 4 
5 . 3 8 2 4 E - 0 4 
5 a 3 8 7 0 E - a 4 
5 . 4 0 5 9 E - 3 4 
5 a 3 9 4 4 E - 0 4 
5 . 3 7 2 6 E - 0 4 
5 a 3 2 9 2 E - 0 4 
5 . 2 4 5 7 E - 0 4 
5 . 0 6 4 3 E - a 4 
4 a 6 4 1 9 E - a 4 
3 a 7 0 9 7 E - 0 4 
2 a 9 5 0 1 E - 0 4 
2 a l l 6 5 E - a 4 
l a 3 0 3 3 E - 3 4 
7 a 2 5 2 0 E - 0 5 
4 . 7 3 2 7 E - 0 5 
4 a 2 8 9 0 E - 0 5 
4 a 0 8 7 0 E - 0 5 
3 . 9 5 7 1 E - 0 5 
3 . 8 1 3 5 E - 0 5 
3 a 6 9 i e E - 0 5 
3 . 5 9 2 4 E - 0 5 
3 a 5 3 4 5 E - 0 5 
3 a 5 1 0 8 E - 0 5 
3 a 4 2 1 3 E - 0 5 
3 a 3 7 8 4 E - 0 5 
3 . 3 5 4 6 E - 0 5 
3 a 3 4 1 7 E - 0 5 
3 . 3 5 Z l E - a 5 
3 a 3 8 1 7 E - a 5 
3 . 4 2 Z 5 E - 0 5 
3 . 4 6 7 8 E - 0 5 
3 . 5 2 7 8 E - 0 5 
3 . 6 0 3 4 E - 0 5 
N2 
5 a « 2 6 7 E - 0 1 
5 . 8 2 6 7 E - 0 1 
5 a 8 2 6 2 E - 0 1 
5 . 6 2 5 2 E - 0 1 
5a833< iE -01 
5 a 8 4 5 6 E - 0 1 
5 . 8 b 9 0 E - 0 1 
5 a 9 0 2 6 E - 0 1 
5 . 9 4 e i E - 0 1 
6 a 0 0 6 7 E - 0 1 
6 a 0 8 2 7 E - 0 1 
6 a l 8 7 3 E - 0 1 
6 . 3 0 8 1 E - 0 1 
6 a 3 7 2 5 E - 0 1 
6 . 4 3 2 9 E - 0 1 
6 a 4 8 8 0 E - 0 1 
6 a 5 3 3 8 E - 0 1 
6 a 5 6 3 3 E - 0 1 
6 a 5 8 1 7 E - 0 1 
6 a 5 9 8 9 E - 0 1 
6 a 6 1 5 7 E - 0 1 
6 . 6 3 2 6 E - 0 1 
6 a b 4 9 6 E - 0 1 
6 . 6 6 6 7 E - 0 1 
6 a 6 8 3 8 E - 0 1 
6 . 6 9 7 6 E - 0 1 
6 a 7 1 8 4 E - 0 1 
6 a 7 3 6 3 E - 0 1 
6 . 7 5 4 8 E - 0 1 
6 a 7 7 3 8 E - 0 1 
6 a 7 9 3 7 E - 0 1 
6 . 8 1 5 2 E - 0 1 
6 . 8 3 7 9 E - 0 1 
6 . 8 b O O E - 0 1 
6 . 8 8 2 3 E - 0 1 
6 . 9 0 5 2 E - 0 1 
CA(SPECI£S) 
0 
2 a 3 1 4 3 E - 0 1 
2 . 3 1 4 5 E - 0 1 
2 a 3 1 7 1 E - 0 1 
2 a 3 2 4 6 E - 0 1 
2 . 3 2 5 3 E - 0 1 
2 . 3 2 9 7 E - 0 1 
2 . 3 3 0 4 E - 0 1 
2 . 3 3 2 2 E - 0 1 
2 a 3 3 5 8 E - 0 1 
2 . 3 4 1 5 E - 0 1 
2 . 3 5 0 8 E - 0 1 
2 a 3 6 6 6 E - Q l 
2 a 4 0 9 g E - 0 1 
2 a 4 3 1 5 E - 0 1 
2 . 4 6 3 7 E - 0 1 
2 a 4 7 3 7 E - 0 1 
2 . 4 8 8 3 E - 0 1 
2 a 4 9 5 7 E - 0 1 
2 a 4 9 7 1 E - 0 1 
Z a 4 9 7 6 E - 0 1 
2 a 4 9 8 1 E - 0 1 
2 a 4 9 8 7 E - 0 1 
2 a 4 9 9 0 E - 0 1 
2 a 4 9 9 3 E - Q l 
2 a 4 9 9 3 E - 0 1 
2 . 5 0 4 9 E - 0 1 
2 . 4 9 8 7 E - 0 1 
Z a 4 9 8 4 E - 0 1 
2 a 4 9 7 8 E - 0 1 
2 . 4 9 7 4 E - 0 1 
2 . 4 9 6 5 E - 0 1 
2 a 4 9 5 7 E - 0 1 
2 a 4 9 4 5 E - 0 1 
2 a 4 9 3 5 E - 0 1 
2 . 4 9 2 3 E - 0 1 
2 . 4 9 0 8 E - 0 1 
N 
1 . 6 9 3 7 E - 0 1 
1 . 6 9 3 6 E - 0 1 
1 . 6 9 1 2 E - 0 1 
1 . 6 8 4 2 E - 0 1 
1 . 6 7 5 5 E - 0 1 
1 . 6 5 9 1 E - 0 1 
1 . 6 3 5 9 E - 0 1 
1 . 6 a 2 0 E - 0 1 
1 . 5 5 5 1 E - 0 1 
1 . 4 9 4 6 E - 0 1 
1 . 4 1 5 9 E - 0 1 
1 . 3 0 8 4 E - 0 1 
1 . 1 7 0 2 E - 0 1 
1 . 1 0 3 9 E - 0 1 
1 . 0 4 3 9 E - 0 1 
9 . 9 2 6 8 E - 0 2 
9 . 5 2 4 4 E - 0 2 
9 . 2 6 2 8 E - a 2 
9 a C 8 4 9 E - 0 2 
a a 9 1 9 9 E - 0 2 
8 a 7 5 6 0 E - 0 2 
6 a 5 9 0 9 E - 0 2 
8 a 4 2 6 3 E - 0 2 
8 . 2 6 0 9 E - 0 2 
tt.0957E-02 
7 a 9 0 6 8 E - 0 2 
7 a 7 6 7 7 E - 0 2 
7 a 5 9 7 5 E - 0 2 
7 a 4 2 1 9 E - 0 2 
7 a 2 4 0 3 E - 0 2 
7 . 0 5 3 8 E - 0 2 
6 . 8 4 9 9 E - 0 2 
b . 6 3 6 9 E - 0 2 
b . 4 2 8 3 E - 0 2 
b . 2 1 9 4 E - 0 2 
b . 0 0 6 8 E - 0 2 
NO 
l a 5 3 3 5 E - 0 2 
1 . 5 3 3 7 E - 0 2 
1 . 5 3 5 4 E - 0 2 
1 . 5 4 a O E - 0 2 
l a 5 3 8 6 E - 0 2 
l a 5 3 7 5 E - 0 2 
l a 5 2 9 9 E - 0 2 
1 . 5 1 7 4 E - 0 2 
l a 4 9 6 8 E - 0 2 
l a 4 6 4 1 E - 0 2 
l a 4 0 5 4 E - 0 2 
1 . 2 8 6 2 E - 0 2 
l a 0 4 7 0 £ - 0 2 
8 a 6 3 0 9 E - 0 3 
6 . 5 0 5 9 E - 0 3 
4 . 2 4 6 9 E - 0 3 
2 a 3 4 0 1 E - 0 3 
l a 3 3 0 7 E - 0 3 
1 . 1 4 4 1 E - 0 3 
l a 0 3 4 b E - 0 3 
9 a 4 8 5 1 E - 0 4 
8 . 5 8 4 2 E - 0 4 
7 . 7 6 9 0 E - 0 4 
7 . 0 4 1 0 E - 0 4 
6 a 4 8 2 8 E - 0 4 
5 . 9 5 5 2 E - 0 4 
5 a 4 0 3 0 E - 0 4 
4 . 9 1 3 a E - 0 4 
4 a 4 9 2 7 E - 0 4 
4 . 1 0 7 1 E - 0 4 
3 a a 0 8 9 E - 0 4 
3 a 5 4 5 5 E - 0 4 
3 a 3 0 6 7 E - 0 4 
3 a 0 8 7 3 E - 0 4 
2 a 9 1 3 1 E - 0 4 
2 . 7 7 4 a E - 0 4 
N0+ 
6 . 5 9 9 8 E - 0 4 
6a5994E-0« i 
6 . 5 9 3 7 E - 0 4 
ba5748E-0% 
6 a 5 2 9 8 E - 0 4 
6 a 4 4 9 6 E - 0 4 
6a3206E-0« i 
6 . 1 3 0 3 E - a 4 
5 . 8 6 4 7 E - 0 4 
5 a 5 1 7 6 E - 0 4 
5 . 0 4 8 7 E - 0 * 
4 . 3 7 0 4 E - 0 4 
3 . 4 2 2 6 E - 0 4 
2 . 8 8 6 3 E - e 4 
2 . 3 4 0 1 E - 0 4 
l a 8 0 3 8 E - 0 4 
1 . 3 3 7 4 E - 0 4 
l a 0 0 9 8 E - 0 4 
8 a 4 7 7 5 E - 0 5 
7 . 5 0 9 3 E - 0 5 
6 a 8 2 1 1 £ - 0 5 
b . 2 5 7 8 E - 0 5 
5 . 7 6 6 8 E - 0 5 
5 a 3 2 6 5 E - 0 5 
4 a 9 3 4 2 E - 0 5 
4 . 5 7 1 5 E - 0 5 
4 . 2 4 2 0 E - 0 5 
3 a 9 2 2 8 E - 0 5 
3 a 6 2 2 3 £ - 0 5 
3 . 3 4 0 3 E - 0 5 
3 a O a 2 2 E - 0 5 
2 a 8 4 2 2 E - 0 5 
2 . 6 2 0 2 E - 0 5 
2 . 4 i a 9 E - 0 5 
2 a 2 3 7 3 E - 0 5 









































b. 9464E + 00 
7 . 5 0 2 5 E + 0 0 
8 . 1 1 3 9 E + 0 0 
8 . 7 8 0 5 E + 0 0 
9 . 5 0 2 5 E + 0 0 
1 .0280E + 01 
1 . 2 0 0 0 E + 0 1 
1 . 2 9 4 3 t + 0 1 
1 . 3 9 8 8 E + 0 1 
1 . 5 1 3 4 E + 0 1 
l . b 3 8 2 E + 0 1 
1 . 7 7 3 1 E + 0 1 
1 . 9182E + 01 
2. 0734E+01 
2 . 2 3 8 8 E + 0 1 
2 . 6 0 a 0 E + 0 1 
2 . 7 9 5 8 E + 0 1 
3. 040 7E+01 
3. 3 3 4 6 E + 0 1 
3 . 6 7 7 4 E + 0 1 
4. Ob93E+01 
4 . 5 1 0 1 E t 0 1 
5.aoauE+oi 
b . 0 9 9 7 E + 0 1 
6 . 6 d 2 6 E + 0 1 
7 . 9 1 4 2 E + 0 1 
8 . 5 6 3 0 E + 0 1 
9. 92b5E + 01 
1 .0641E+D2 
l a 2 1 3 7 E + 02 
l a 2 9 1 7 E + 0 2 
1 .4S45E+02 
1 . 5 3 9 1 E + 0 2 
l a 7 1 5 0 E + 0 2 
1 . 8063E + 02 
1 . 9 9 5 4 E + 0 2 
2 . 1 9 3 3 E + 0 2 
2 . 2 9 5 b E + 0 2 
• 
3 . 5 7 3 2 E + 0 2 
3 . 4 3 9 6 E + 0 2 
3 . 3 2 3 1 E + 0 2 
3 . 2 2 6 1 E + 0 2 
3 . 1 4 4 9 E + 0 2 
3 . 0 8 0 5 E + 0 2 
3 . 0 0 2 0 E + 0 2 
2 . 9 8 8 4 E + 0 2 
2 . 9 9 1 4 E + 0 2 
3 . 0 0 8 1 E + 0 Z 
3 .0235E+OZ 
3 . 0 6 9 6 E + 0 2 
3 . 1 3 6 8 E + 0 2 
3 . 2 3 2 9 E + 0 2 
3 . 3 5 0 5 E + 0 2 
3 . 6 7 2 2 F + 0 2 
3 . 8 6 3 7 E + 0 2 
4 . 1 0 8 8 E + 0 2 
4 . 3 a 5 0 E + 0 2 
4 . 6 4 6 4 E + 0 2 
4 . 82 97E + 02 
4 . 8 9 8 7 E + 0 Z 
4 . 8 5 7 5 E + 0 2 
4 . 7 0 1 3 E + 0 2 
4 . 6 6 3 0 E + 0 2 
4 . 6 5 0 9 E + 0 2 
4 . 6 5 9 2 E + 0 2 
4 . b 7 9 9 E + 0 2 
4 . b 8 8 3 E + 0 2 
4 . 6 9 7 5 E + 0 2 
4a6999E+02 
4 a 7 0 1 4 E + 0 2 
4 . 7 0 1 7 E + 0 2 
4 . 7 0 1 b E + 0 2 
4 . 7 0 1 8 E + 0 2 
4 . 7 0 2 1 E + 0 2 
4 . 7 0 2 5 E + 0 2 
4 . 7 0 2 9 E + 0 2 
NOTE — 
i . 3 8 1 2 E + 0 4 
1 . 3 9 1 7 E + 3 4 
1 . 4 0 2 7 E + 0 4 
1 .4138E+34 
1 .4253E+04 
1 . 4 3 7 0 E + 0 4 
1 .461bE+04 
1 . 4 7 4 5 E + 0 4 
1 . 4 8 9 4 E + 0 4 
1 .5045E+04 
1 . 5 2 1 2 E + 0 4 
1 . 5 3 8 4 E + 0 4 
1 . 5 5 5 9 E + 0 4 
1 . 5 7 2 7 E + 0 4 
1 . 5 9 0 1 E + 0 4 
1 .6287E+04 
1 . 6 5 2 3 E + 0 4 
l . b 8 2 4 E + 0 4 
1 .7201E+04 
1 . 7 b 0 l E + 0 4 
1 . 7 9 b 4 E + 0.4 
1 . 8 2 7 9 E + 0 4 




1 . 9 4 1 4 E + 0 4 
1 .9529E+34 
1 .9571E+34 
l a 9 b l 2 E + 0 4 
1 . 9 6 2 7E+04 
1 .9654E+04 
1 . 9 6 b 4 £ + 0 4 
1 .9684E+04 
1 . 9 6 9 2 E + a 4 
1 .9707E+a4 
1 . 9 7 0 8 E + 0 4 
l . g 7 0 5 E + 0 4 
XA, PA. 
5 . 8 2 7 7 E + 3 3 
5 . 7 7 2 b E + 0 3 
6 . 7 2 5 3 E + 0 3 
5 . 6 7 9 5 E + 3 3 
5 . 6 4 1 0 E + 0 3 
5 . b 0 3 9 E + 0 3 
5 . 5 6 b 5 £ + a 3 
5 . 5 5 b 3 E + a 3 
5 . 5 3 i 5 £ + 0 3 
5 . 5 4 1 3 E + 0 3 
5 . 5 4 4 3 E + a 3 
5 . 5 5 9 5 E + 0 3 
5 . 5 4 8 4 E + 0 3 
5 . 4 6 5 3 E + 0 3 
6 . 4 0 0 5 E + 0 3 
5 . 3 3 5 l E + 0 i 
5 . 3 Z 9 b E + 0 3 
5 . 3 3 7 6 E + 0 3 
5 . 4 1 1 1 E + 0 3 
5 . 5 1 9 5 E + 0 3 
6 . 4 0 7 1 E + 0 3 
4 .97aOE+03 
4 . 3 6 3 9 E + 0 3 
3 . 3 1 5 2 E + 0 3 
2 . 9 4 1 5 E + 0 3 
2 . 3 8 2 0 E + 0 3 
2 .1785Et -03 
1 .863bE+03 
1 . 7 4 a 0 E + 0 J 
l . b 2 3 7 E + 0 3 
1 . 5 7 7 4 E + 0 3 
1 .4953E+03 
1 . 4 b 2 2 £ + 0 3 
1 . 4 0 4 8 E + a 3 
1 . 3 7 9 8 E + 0 3 
1 . 3 3 9 8 E + 0 3 
1 . 3 3 8 1 E + a 3 
1 .34b3E+03 
TA ANO VA 
XA(K) = 
3 . 8 5 8 2 E - 0 5 
+ . 0 2 9 4 E - 0 5 
• • . z s s o t - a s 
4 . 5 3 b 6 E - a 5 
4 . 7 5 0 7 E - 3 5 
5 . 1 1 9 6 E - 3 5 
6 . 2 8 1 0 E - 3 5 
7 . 2 2 8 3 E - J 5 
d . 2 4 b 2 E - a 5 
l . a 3 2 4 E - 3 4 
l . i i l 7 5 £ - 3 4 
3 . 1 8 7 e E - 0 4 
1 . 5 8 4 0 E - a 3 
6 . 8 7 1 9 E - 3 3 
1 . 4 b b 5 E - a 2 
3 . 7 7 Q 2 E - a 2 
5 . 2 3 6 1 t - 3 2 
7 . b 0 4 1 E - 3 2 
1 . 1 9 1 9 E - 0 1 
1 . 7 5 i g E - 0 1 
2 . 1 5 4 2 E - 0 1 
2 . 3 0 4 6 E - 0 1 
2 . 3 2 b 3 E - a i 
2 . 3 2 8 0 E - 0 1 
2 . 3 2 8 0 E - 0 1 
2 a 3 2 8 0 £ - a i 
2 . 3 2 8 0 £ - a i 
2 . 3 2 8 0 E - 0 1 
2 . 3 2 8 0 E - 0 1 
2 . 3 2 8 0 E - 3 1 
2 . 3 2 8 0 E - 3 1 
2 . 3 2 8 0 E - a i 
2 . 3 2 8 0 E - 0 1 
2 . 3 2 8 0 £ - a i 
2 . 3 2 8 0 E - 3 1 
2 a 3 2 8 0 E - 3 1 
2 a 3 2 8 0 E - 0 1 
2 a 3 2 8 0 £ - 0 1 
(RE CHANGED 
<ACK) • RN 
6 . 9 2 4 4 E - 0 1 
b a 9 5 1 0 E - 0 1 
6 a 9 7 7 9 E - 0 1 
7 a O a 8 0 E - 0 1 
7 a 0 4 8 5 E - 0 1 
7 . 0 8 8 1 E - 0 1 
7 . 1 7 7 7 E - 0 1 
7 . 2 2 8 6 E - 0 1 
7 . 2 8 9 8 E - 0 1 
7 . 3 5 6 a E - 0 1 
7 . 4 2 8 3 E - 0 1 
7 . 5 0 1 3 E - 0 1 
7 . 5 5 9 5 E - 0 1 
7 . 5 5 3 9 E - 0 1 
7 . 5 3 0 7 E - 0 1 
7 . 4 4 9 6 E - 0 1 
7 . 3 9 4 7 E - 0 1 
7 . 3 4 7 9 E - 0 1 
7 . 3 9 5 6 E - 0 1 
7 . 5 4 1 3 E - 0 1 
7 . 6 4 6 0 E - 0 1 
7 . 6 7 0 8 E - 0 1 
7 . 6 7 2 0 E - 0 1 
7 . b 7 2 0 E - 0 1 
7 . b 7 2 0 E - 0 1 
7 . b 7 2 0 E - 0 1 
7 a b 7 2 0 E - 0 1 
7 a b 7 2 0 E - 0 1 
7 a 6 7 2 0 E - 0 1 
7 a 6 7 2 0 E - 0 1 
7 a b 7 2 0 E - 0 1 
7 . b 7 2 0 E - 0 1 
7 a b 7 2 0 E - 0 1 
7 . 6 7 2 0 E - 0 1 
7 a 6 7 2 0 E - 0 1 
7 a 6 7 2 0 E - 0 1 
7 . 6 7 2 0 E - 0 1 
7 . 6 7 2 0 E - 0 1 
2 . 5 1 0 8 E - 0 1 
2 . 5 1 2 0 E - 0 1 
2 . 5 1 b 2 E - 0 1 
2 . 5 1 8 3 E - 0 1 
2 . 5 0 6 5 E - 0 1 
2 . 5 0 1 b E - 0 1 
2 . 4 9 0 2 E - 0 1 
2 . 4 e 2 9 E - 0 1 
2 . 4 5 9 1 E - 0 1 
2 . 4 4 3 0 E - 0 1 
2 . 4 3 2 0 E - 0 1 
2 . 4 2 2 3 E - 0 1 
2 . 3 7 9 6 E - 0 1 
2 . 2 6 5 8 E - 3 1 
2 . 1 2 1 0 E - 0 1 
1 . 7 3 8 6 E - 0 1 
1 . 5 1 0 6 E - 0 1 
1 . 2 0 4 3 E - 0 1 
8 . 1 8 8 5 E - 0 2 
4 . 2 4 7 5 E - 0 2 
1 . 4 3 7 1 E - 0 2 
2 . 1 9 9 4 E - 0 3 
1 . 6 4 9 3 E - 0 4 
1 . 6 2 1 9 E - 0 7 
2 . 9 0 6 4 E - 0 9 
2 . 9 8 1 6 E - 1 3 
2 . 4 8 4 8 E - 1 5 
2 . 9 5 3 7 E - 1 9 
4 . 0 0 0 2 E - 2 0 
3 . 6 9 5 0 E - 2 0 
4 . 5 7 4 b E - 2 0 
5 . 2 9 b 8 E - 2 0 
7 . 2 9 9 6 E - 2 0 
5 . 7 3 4 2 E - 2 0 
5 . 2 2 1 9 E - 2 0 
3 . 6 1 9 1 E - 2 0 
2 . 9 0 9 9 E - 2 0 
2 . 9 b b 5 E - 2 0 
I N SUBROUTINE INPBOO 
PACK) = PACK) • NORH SH PRESS. 
VACK) = VACK) « NORM SH VEL. 
TACK) = rACK) • NORI SH TEMP. 
5 . 6 1 4 4 E - 0 2 
S . 3 3 6 8 E - 0 2 
a . C 2 6 6 E - 0 2 
4 . 7 0 4 8 t - 0 2 
4 . 4 1 7 8 E - 0 2 
' • . t 7 0 5 E - 0 2 
3 . 2 8 b 2 E - 0 2 
i i . a 4 a 0 E - 0 2 
2 . 4 b 9 8 E - 0 2 
1 . 9 5 3 b E - 0 2 
1 . 3 3 0 8 E - 0 2 
b . 3 9 8 0 E - 0 3 
1 . 1 4 7 4 E - 0 3 
2 . 7 0 7 8 E - 0 4 
1 . 5 8 4 4 E - 0 4 
a . 5 1 8 7 E - 0 5 
O . 6 5 9 2 E - 0 5 
' • . 6 9 5 4 E - 0 5 
2 . 6 4 4 6 E - 0 5 
o . 2 0 7 1 E - 0 b 
1 . 0 b 7 1 E - 0 b 
' • . 6 3 5 4 E - 0 8 
b . 5 3 9 1 £ - 1 0 
9 a 0 4 9 5 E - 1 5 
l a 6 3 4 0 £ - 1 7 
1 . 4 0 7 7 E - 2 3 
1 . 1 1 3 5 E - 2 b 
1 . 1 7 9 4 E - 3 2 
1 . 7 7 7 1 E - 3 4 
2 . 1 4 7 1 E - 3 5 
1 . 5 0 0 b E - 3 5 
1 . 3 5 3 4 E - 3 5 
1 . 4 9 b 4 £ - 3 5 
1 . 8 5 4 b E - 3 5 
<: .C6b9£-35 
2 . 4 8 1 3 E - 3 5 
2 . 5 0 1 9 E - 3 5 
2 . 4 0 6 8 E - 3 5 
2 . 7 b 4 2 E -
2 . 6 9 2 0 E -
2 . 6 4 4 1 E -
2 . b 0 7 2 E -
2 . 5 6 7 B t -
2 . 3 8 6 8 E -
2 . 7 8 1 7 E -
2 . 9 9 8 5 E -
3 . 1 9 2 7 E -
3 . 7 4 6 3 E -
5 . 3 3 1 7 E -
9 . i 9 9 6 E -
3 . 3 5 1 1 E -
1 . 0 8 8 6 E -
2 . 0 0 0 C E -
4 . 3 3 8 6 E -
5 . 7 0 3 8 E -
6 . d 6 8 7 E -
5 . 9 3 3 2 E -
2 . 8 2 0 b E -
5 . b 0 8 3 E -
2 . b 7 0 9 E -
3 . b 4 3 9 E -
3 . 9 4 9 4 E -
5 . 4 2 6 1 E -
7 . 1 1 3 2 E -
5 . b 3 4 0 E -
5 . 0 9 8 2 E -
5 . b 3 2 0 E -
6 . 0 3 9 4 E -
7 . 7 0 1 8 E -
9 . 3 5 8 6 E -
1 . 2 8 1 5 E -
9 . 8 7 9 C E -
8 . J 1 8 2 E -
5 . 9 1 2 i E -
4 . 5 8 1 9 E -







































1 . 9 3 8 1 E - 0 5 
1 . 7 8 5 4 E - 0 5 
l . b 4 4 6 E - 0 5 
1 . 5 0 b 4 E - 0 5 
1 . 3 8 3 b E - 0 5 
1 . 2 b 7 4 £ - 0 5 
1 . 0 5 7 3 t - 0 5 
9 . 5 9 3 2 E - 0 b 
8 . 5 7 6 7 E - 0 6 
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l . O a i ' . E - O ' . 
5 . 1 1 8 1 E - 0 H 
2 . a ' . 7 3 E - 0 3 
6 . 6 ' » 2 5 E - 0 3 
1 . 6 5 5 3 E - 0 2 
3 . 1 6 8 6 E - 0 2 
1 . . 9 6 9 8 E - 0 2 
6 . 8 3 9 0 E - C 2 
8 . 6 i » 3 6 £ - 0 < : 
l . a 3 0 6 E - 0 1 
1 . 1 7 7 9 E - 0 1 
1 . 3 0 3 6 E - 0 1 
l . ' . 0 7 0 E - 0 1 
l . ' . 8 9 0 E - 0 1 
1 . 5 5 1 7 E - 0 1 
1 . 5 9 8 1 E - 0 1 
1 . 6 3 1 3 E - 0 1 
l . b 5 ' . 2 E - 0 1 
1 . 6 6 9 7 E - 0 1 
1 . 6 7 9 7 E - 0 1 
l . b 8 6 1 E - 0 1 
1 . 6 9 0 0 E - 0 1 
1 . 6 9 2 3 E - 0 1 
1 . 6 9 3 7 E - 0 1 
MO 
6 . 3 0 1 2 E - 0 2 
o . 3 ' 4 5 7 E - 0 2 
6 . ' . 0 ' . 5 £ - 0 2 
b . ' » 7 6 0 £ - 0 2 
6 . 5 5 5 8 E - 0 2 
6 . b l t 6 E - 0 2 
6 . ' . 9 8 1 E - 0 2 
5 . 8 6 8 8 E - 0 2 
' • . 6 ' . 5 1 £ - 0 2 
3 . I . 8 3 7 E - 0 2 
2 . 7 5 9 8 E - 0 2 
2 . 3 6 7 5 E - P 2 
2 . 1 3 8 2 E - 0 2 
1 . 9 8 ' . 3 E - 0 2 
I . a 7 3 8 £ - a 2 
1 . 7 8 3 7 £ - a 2 
1 . 7 1 6 3 E - 0 2 
l . & 6 ' . 6 E - 0 2 
1 . 6 2 5 5 E - Q 2 
1 . 5 9 6 6 E - 0 2 
1 . 5 7 5 6 E - 0 2 
1 . 5 6 a 8 £ - 0 2 
1 . 5 5 0 5 E - 0 2 
1 . 5 < . 3 6 E - 0 2 
1 . 5 3 9 1 E - 0 2 
1 . 5 3 6 3 E - 0 2 
1 . 5 3 ' » 5 E - 0 2 
1 . 5 3 3 5 E - 0 2 
N0+ 
1 . 7 0 6 9 E - 0 7 
3 . 1 8 0 2 E - 0 6 
6 . 7 6 1 0 E - 0 6 
1 . 1 5 3 1 E - 0 5 
1 . 8 2 3 3 E - 0 5 
2 . 8 1 6 « . £ - 0 5 
' . . 3 5 2 7 E - 0 5 
6 . 8 0 2 9 E - 0 5 
1 . 0 6 3 9 L - 0 ' » 
l . b O O 2 E - 0 < . 
2 . 2 ' . i . ' » £ - 0 ' » 
2 . 9 3 1 1 E - 0 ' » 
3 . 6 0 60E-0<» 
' . . 2 3 1 ' . £ - 0 ' » 
' • . 7 8 3 2 E - 0 ' * 
5 . 2 ' . d 9 E - 0 ' » 
5 . 6 2 5 8 £ - 0 ' t 
5 . 9 1 8 8 E - 0 ' . 
6 . 1 3 8 1 E - 0 < > 
6 . 2 9 6 ' . E - 0 < » 
6 . ' . 0 6 6 E - 0 ' » 
6 . ' . 8 0 e E - 0 ' . 
6 . 5 2 9 2 E - 0 ' . 
6 . 5 6 9 7 E - 0 1 . 
6 . 5 7 8 < . E - 0 ' « 
6 . 5 8 9 ' . E - 0 ' . 
6 . 5 9 5 9 E - 0 1 . 































0. 0 00 0 
. 0 3 7 0 
. 0 7 < . l 
. 1 1 1 1 
. 1 < . 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 ' . 
.<»07<» 
. i» i»<»<» 
.<»815 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
.7'»07 
. 7778 
. 8 1 ' . 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
ir/RN 
0 . 
6 . 7 2 0 7 E - 0 5 
1.6f.02E-0<. 
2 . 9 3 9 7 E - 0 ' . 




1 .53I .3E-03 
1 . 8 9 8 7 E - 0 3 
2 . 2 9 1 5 E - 0 3 
2.708«»E-03 
3.1<.58E-03 
3 . 6 0 0 9 E - 0 3 
« . .0710E-03 
' . . 5 5 3 « - 0 3 
5 . 0 4 5 7 E - 0 3 
5 . 5 ' . 5 7 E - 0 3 
6 .051I .E-03 
6 .561 '»£-03 
7 .07i»3E-03 
7 . 5 e 9 2 E - 0 3 
8 .1 f l55E-03 
8 . 6 2 2 7 E - 0 3 
9.1<.0i.E-03 
9 .658'«E-03 
1 . 0 1 7 7 E - 0 2 
1 . 0 6 9 5 E - 0 2 
V 
0 . 
- 7 . 0 0 7 3 E - 0 3 
- 2 . 9 2 2 9 E - 0 2 
- 6 . 8 1 3 3 E - 0 2 
- 1 . 2 ' . 6 9 E - 0 1 
- 1 . 9 9 3 9 E - 0 1 
- 2 . 9 2 2 7 E - 0 1 
- ' • .028'»E-01 
- 5 . 3 0 1 « . E - 0 1 
- 6 . 7 2 7 I . E - 0 1 
- 8 . 2 8 9 1 E - a i 
- 9 . 9 6 7 7 E - 0 1 
-1.17<»'»E+00 
- 1 . 3 6 0 1 E + 0 0 
- 1 . 5 5 2 2 E + 0 0 
- 1 . 7 ' . 9 5 E + 0 0 
- 1 . 9 5 0 7 E + 0 0 





- 3 . 2 0 9 0 E + 0 a 
-3.' .2<.8E + 0U 
- 3 . 6 i . l 9 E + 0 0 
- 3 . 8 6 0 6 E + 0 0 






























- 3 . 7 5 7 1 E - a i 
DENSITY 
' . . 1 3 7 2 E - a 3 
2 .721 . ' .£ -03 
1 . 9 6 6 2 E - a 3 
1 . 5 0 2 2 E - 0 3 
1.19<.2E-33 
9 .7900E-JI . 
8.2' .62E-0'» 
7 .1390E-0 ' . 
6 .368OE-0' . 
5.8' .31E-0<. 
5. ' .691E-0<. 
5.1861E-a<» 
'•.96'»'.E-0'. 
' • .7896E-0 ' . 
I . .6526E-0' . 
' . .5 ' .70E-0 ' . 
'».'.670£-a'. 
' . . ' •0 78E-0'. 




' . . 2915E-0 ' . 
' . . 2 8 5 9 E - a ' . 
' • .2825E-0' . 
'».2 80<«E-a'> 
' • .2793E-0 ' . 
' . .2787E-a'» 






STANTON NUMBER = 
- 1 . 
- 1 
0 . 











.01.368E + 06 
5298<»E + 06 
. 25107E+03 
0 2 4 6 9 E - 0 2 
HALL dASS FLUX 
6 . 1 3 7 2 0 E -
- 3 . 1 ' . 7 7 3 E -
- 6 . 1 3 6 6 2 E -
2 . 2 7 6 2 5 E -
- J . . 3 8 I . 9 2 E -







CTH s i . s c o o o E + a o , aoov P R O F I L E S . 
ELECTRON 
DENSITY 
7 . 3 0 7 0 E + 1 2 
8 . 9 6 5 3 E + 1 3 
1 . 3 7 9 6 E + 1 ' . 
1 . 7923E+11 . 
2 . 2 5 2 9 E + 1 * . 
2 . 8 5 3 1 E + 1 1 . 
3 .71 i«0E+l ' f 
S .OZSSE+l i . 
7 . 0 1 1 2 E + 1 ' . 
9 .6752E+1<. 
1 . 2 7 0 2 E + 1 5 
1 . 5 7 2 9 E + 1 5 
1.852«.E+15 
2 . a 9 7 1 E + 1 5 
2 . 3 0 2 8 E + 1 5 
2 . ' . 6 9 6 E + 1 5 
2 . 6 0 0 3 E + 1 5 
2 . 6 9 9 5 E + 1 5 
2 . 7 7 2 I . E + 1 5 
2 . 8 2 ' . 2 E + 1 5 
2 . 8 5 9 9 E + 1 5 
2 . 3 8 3 8 E + 1 5 
2 . 8 9 9 3 E + 1 5 
2 . 9 0 9 1 E + 1 5 
2 . 9 1 5 0 E + 1 5 
2 . 9 i e 6 E + 1 5 
2 . 9 2 0 6 E + 1 5 
2 . 9 2 1 9 E + 1 5 
TOTAL 
ENTHALPY 
1 . 3 5 8 0 E + 0 7 
2.30<.0E + 07 
3 . 3 8 3 9 E + 0 7 
' . . 5 7 7 9 E + 0 7 
5 . d 6 9 2 E + 0 7 
7 . 2 3 7 9 E + 0 7 
8 .65 I . 5E+07 
1 . 0 0 7 2 E + 0 8 
l . l ' » 3 7 E + 0 d 
1 .2719E+0t t 
1 . 3 9 1 9 E + 0 8 
1 . 5 0 3 0 E + 0 8 
1.60<iOE+08 
1 . 6 9 3 2 E + 0 8 




1 . 9 5 3 6 E + 0 a 
1 .9750E+Qa 
1 . 9 9 0 0 E + 0 8 
2 . 0 0 0 1 E + 0 8 
2 . 0 0 6 8 E + 0 8 
2 . a i l O E + 0 8 
2 . 0 1 3 6 E + 0 a 
2 . 0 1 5 2 E + 0 8 
2 . 0 1 6 1 E + 0 6 
2 . 0 1 6 6 E + 0 4 
RHO V = 0 . 
HEAT TRANSFtR = 7 . 1 3 5 3 7 E - 0 1 
HEAT TRANSFER, BOOT = 5 . a 0 0 0 3 E - 0 1 
ISPLACEMENT THICKNESS/KN = 6 . 5 9 8 8 2 £ - 0 i > 
MOMENTUM THICKNESS = 1.3a89'.E-0l» 
L AT BODY = 2.2S551E+00 
SKIN FRICTION = 1.73579E+00 
RHOMUREF 
1-TH BODY PROFILE. 
1 . 5 9 6 9 3 E - 0 9 
S = l.OOOOc-02 

















1 . 2 7 5 2 0 E + 0 I . 
1 .25 2'.aE+0«» 
9 . 6 2 1 2 a E + 0 1 
0 . 
- ' • . 2 ' . 9 6 2 E + 0 3 
- ' . . ' . 7 1 2 1 E - 0 1 
& .00003E+00 
1 . 5 9 6 9 ' . E - D 9 
XO 
X 1 / 2 
X I 
Rao 









' . . 1 6 6 6 7 E - 0 ' . 
8 .33333£-0<« 
0 . 
i . . l 6 6 6 5 t - 0 ' » 
8 .33319£-0<» 
LAMBDA = 
LAMBDA 1 / 2 = 





1 . 3 3 3 a i E - l ' » 
1 . 0 6 6 9 3 E - 1 3 
5 . U 0 0 1 9 E - 0 1 
3 . 7 3 2 9 3 E - 0 6 
' . . 2 7 7 9 5 E - 0 ' . 
OELXI = 
XIO = 
X I 1 / 2 = 
X I I = 
SMALL £ = 
EBAR = 
2 . 2 2 2 8 6 E - 1 7 
0 . 
1 . 1 1 1 ' . 3 E - 1 7 
2 . 2 2 2 8 6 E - 1 7 
< . . 33037E-06 
































0. o a o o 
. 0 3 7 0 
. 3 7 1 . 1 
. 1 1 1 1 
. 1 1 . 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 ; . 
. 1 .371 . 
. 1 . 1 . ' . 1. 
. 1 . 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 1 . 0 7 
. 7 7 7 8 
. 8 1 1 . 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
1 
- 5 . 2 0 6 6 E - 0 1 
- 3 . 5 6 2 3 E + 0 1 
- 7 . 8 3 5 8 E + 0 1 
- 1 . 1 6 2 1 E + 0 2 
- l . i . ' . 6 7 E + 0 2 
- 1 . 1 6 5 1 E + 0 2 
6 . 3 6 6 1 . E + 01 
2 . 7 1 6 1 E + 0 2 
2 . 3 3 5 5 E + 0 2 
9 . 3 6 9 1 . E + 01 
2 . 3 1 8 0 E + 0 1 
' . . 0 7 2 1 E + 0 0 
1 . 6 6 8 9 E + 0 0 
2 . 8 7 ' . 7 E + 00 
' . . 1 2 2 6 E + 0 Q 
' . . 7 3 1 1 E + 00 
1 . . 7 9 6 5 E + 0 0 
1. .51.93E + 00 
I . . 1 7 5 0 E + 00 
3 . 7 8 6 3 E + 0 0 
3 . 1 . 3 9 2 E + 00 
3 . 1 i > i . 7 E + 0 a 
2 . 9 3 I . 6 E + 0 0 
2 . 7 7 1 8 E + 0 0 
2 . 6 5 5 6 E + 0 0 
2 . 5 7 3 7 E + 0 0 
2 . 5 1 3 1 E + 0 0 
2 . 1 . 8 7 2 E + 00 
2 
1 . 7 1 0 8 E -
- 5 . 1 1 9 8 E -
- 9 . 3 2 7 5 E -
- l . a 5 0 7 £ -
- 3 . 2 i . 7 9 t -
- ' . . 1 9 6 1 . E -
- 3 . 1 6 0 6 E -
- l . l i . 9 0 E -
- 2 . 1 ' . 1 9 E -
- 3 . 5 i . 6 i . E -
- 6 . 2 5 3 5 E -
- 8 . 1 8 7 2 E -
- 7 . 3 3 1 6 E -
- 1 . . 3 3 0 1 . E -
- l . a 2 7 7 E -
1 . 2 5 1 0 E -
2 . 1 2 9 6 E -
1 . 8 5 7 7 E -
8 . 9 2 ' . 7 E -
- 3 . 5 3 1 1 E -
- 1 . 5 9 7 9 E -
- 2 . 6 8 8 8 E -
- 3 . 5 6 5 1 E -
- 1 . . 2 2 2 0 E -
- I . . 6 8 3 5 E -
- 1 . . 9 9 0 3 E -
- 5 . 2 1 2 3 E -































- 3 . 6 3 5 1 E - 1 2 
- 3 . 3 5 i a £ - 1 0 
- 2 . 8 6 ' . 5 t - 3 a 
- 2 . 2 1 8 2 E - 3 6 
- 1 . 1 1 8 ' . £ - 3 ' . 
- 2 . 8 1 . 2 8 E - 3 3 
- 2 . 8 6 i . 5 t - 3 2 
- 1 . 1 1 5 J E - 3 1 
- 2 . 9 6 2 5 c ; - 3 1 
- 7 . 5 5 1 . 3 ^ 3 1 
- 1 . 2 1 9 7 E + 3 0 
- 9 . 7 6 3 d £ - 3 1 
2 . 0 5 0 d t - 3 1 
1 . 8 7 8 8 E + 3 a 
3 . ' . 1 8 2 E + ) 0 
' . . ' . 3 2 7 E + 33 
i . . 3 i . 8 a £ + 30 
1 . . 7 9 5 1 E + 33 
i . . i . 6 2 3 t + 3 0 
' . . 3 1 6 3 t + 3 3 
3 . 5 6 8 9 E + 3 0 
3 . i e i ' . t + 3 0 
2 . 8 7 7 0 E + 3 0 
2 . & 5 6 g c + 3 a 
2 . 5 0 7 8 E + J 0 
2 . 3 9 6 7 t + J 0 
2 . 2 3 0 5 E + 3 0 
<l 
6 . 2 9 3 7 E - 2 1 . 
- 1 . 5 3 6 7 E - 3 2 
- a . 2 8 0 0 E - 3 2 
- 3 . 9 7 3 6 E - 3 1 
- 1 . 6 9 3 9 £ + a O 
- * . 5 8 1 7 £ + J 0 
- 1 . 0 3 6 ' . E + 0 1 
- 2 . 2 0 1 3 E + 3 0 
1 . 7 3 5 9 E + 3 1 
1 . 6 1 . 2 8 E + 0 1 
- ' • . 8 1 . 7 6 E - 3 2 
- 1 . 0 3 9 6 E + 0 1 
- 1 . 3 1 . 6 3 E + 3 1 
- a . 3 7 2 9 E + Q 0 
3 . 0 i . a 3 £ - 3 2 
3 . 7 0 1 . 7 E + 3 0 
5 . 1 1 . 2 7 E + 3 0 
' . . 9 3 9 ' t E + 3 0 
3 . 8 0 3 C t + 3 0 
2 . 3 0 i . 8 £ + 0 0 
d . 0 7 7 7 E - 3 1 
- b . 0 1 2 1 £ - 3 1 
- 1 . 5 5 3 2 t + 0 0 
- 2 . 3 1 . 6 8 E + 1 0 
- 2 . 9 1 ' . 7 f c + J 0 
- 3 . 3 0 6 0 £ + a O 
- 3 . 5 a ' . ' . E + 3 0 
- 3 . 8 0 5 ' . t + 0 0 
5 
3 . 8 9 9 9 E - 0 6 
- 1 . 1 6 8 3 E + 0 0 
- 8 . 1 . 9 6 8 E + 0 0 
- 1 . . 2 2 1 9 E + 0 1 
- 1 . 9 1 8 3 E + 0 2 
- 7 . 3 1 . 7 9 E + 0 2 
- 1 . 9 1 3 1 E + 0 3 
- 2 . 7 7 5 2 E + 0 3 
- 1 . 9 8 ' . l E + 0 3 
- 7 . 6 2 1 . 1 . E + 0 2 
- 2 . a 6 8 2 £ + 0 2 
- 5 . 1 . 8 6 6 E + 0 1 
- 1 . 6 6 5 9 E + 0 1 
- ' . . 3 8 1 1 . E + 0 0 
5 . ' . 0 2 0 E - 0 1 
2 . 6 I . 3 6 E + 0 0 
3 . 1 . 2 5 9 E + 0 0 
3 . 5 7 9 0 E + 0 0 
3 . 1 . 6 1 5 E + 00 
3 . 2 5 6 5 E + 0 0 
3 . Q 5 0 5 E + 0 0 
2 . 8 7 9 0 E + 0 0 
2 . 7 5 3 1 k + a 0 
2 . t ) 7 3 a E + 0 0 
2 . b « . 0 8 E + 00 
2 . O 5 5 6 E + 0 0 
2 . 7 1 1 1 . E + 0 0 
2 . ' . 6 9 0 E + 0 0 
6 
1 . 7 9 2 3 E - 1 1 
- 1 . 5 9 3 3 E + 0 U 
- 7 . 3 2 1 1 . E + 0 0 
- 3 . 2 Q 6 1 E + 0 1 
- 1 . 0 6 5 5 E + 0 2 
- 2 . 6 i . 0 5 E + 0<i 
- 6 . 2 9 5 a E + 0 2 
- 1 . 1 . 2 1 . 0 E + 0 3 
- 2 . 0 0 9 7 E + 0 3 
- 1 . 5 3 9 1 E + 0 3 
- 7 . 3 7 9 3 E + 0 2 
- 2 . 6 0 2 6 E + 0 2 
- 6 . 6 0 2 3 E + 0 1 
2 . 9 3 2 9 E + 0 0 
2 . 5 8 7 1 E + 0 1 
3 . 1 2 6 5 E + C 1 
2 . 9 3 7 2 E + 0 1 
2 . I . 5 8 1 E + 01 
1 . 9 0 6 0 E + 0 i 
1 . 3 8 9 5 E + 0 1 
9.561.1.E + 0U 
6 . 2 1 0 5 E + 0 U 
3 . 8 0 9 5 E + 0 U 
2 . 2 7 8 6 E + 0 0 
1 . 5 2 6 0 E + 0 0 
1 . 3 9 3 2 E + 0 0 
1 . 1 5 7 ' . E + CU 
- 3 . 5 1 8 3 E t O u 
r 
- 1 . 2 5 3 8 E - 0 3 
- 1 . 9 1 5 8 E - 0 1 
- ' . . 6 1 9 0 E - 0 1 
- 7 . 9 5 6 9 E - 0 1 
- 1 . 2 8 5 3 E + 0 0 
- 2 . 0 9 7 6 E + 0 0 
- 3 . I . 5 1 9 E + 00 
- 5 . 1 2 9 ' » E + 00 
- 5 . 7 2 ' . 2 E + 0 0 
- 1 . . 3 6 7 6 E + 0 0 
- 2 . 2 9 1 . 9 E + 00 
- 6 . 1 . 3 1 9 E - 0 1 
' . . 2 3 5 0 E - 0 1 
1 . 0 5 2 1 E + 0 0 
1 . 3 6 7 6 E + 0 0 
l . i . 5 ' . i . £ + 00 
1 . 3 8 1 3 E + 0 Q 
i . 2 i 3 a £ + a o 
9 . 9 2 7 9 E - a i 
7 . 6 9 7 9 E - 0 1 
5 . 6 7 1 1 E - 0 1 
3 . 9 8 2 7 E - a i 
2 . 6 7 3 0 E - Q 1 
1 . 7 2 2 7 E - 0 1 
1 . Q 8 3 2 E - 0 1 
6 . 9 0 8 2 t - 0 2 
' . . 3 7 1 . 1 E - 0 2 
































. 0 3 7 0 
.071.1 
. 1 1 1 1 
.11.81 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 





. 5 1 8 5 
. 5 5 5 6 
. 5 926 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
.71.07 
. 7 7 7 8 
.811.8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
FPRIME 
0 . 
6 . 7 ' . l l E - 0 2 
l . ' . 2 7 9 E - 0 1 
2 . 2 3 5 8 E - 0 1 
3 .071.7E-01 
3 .9221.E-01 
' . . 7 5 6 2 E - 0 1 
5 . 5 5 3 0 E - 0 1 
6 . 2 9 0 8 E - 0 1 
6 . 9 5 1 9 E - 0 1 
7 . 5 2 6 7 E - 0 1 
8 . 0 1 2 6 E - 0 1 
8.1 .130E-01 
8 . 7 3 5 3 E - 0 1 
8 . 9 B 9 5 E - 0 1 
9 . 1 8 7 3 E - 0 1 
9.3I.01.E-01 
9 . ' . 5 9 6 E - 0 1 
9 . 5 5 ' . 1 E - 0 1 
9 . 6 3 1 2 E - 0 1 
9 . 6 9 6 3 E - 0 1 
9 . 7 5 3 0 E - 0 1 
9 . 8 0 3 7 E - 0 1 
9 .8'»99E-01 
9 . 8 9 2 ' . E - 0 1 






2 . 9 2 1 3 E - 0 1 
3.7'»i .7E-01 
' . . 6 0 3 7 E - 0 1 
5 . I .778E-01 
6 . 3 3 5 5 E - 0 1 
7 . 1 2 8 6 E - 0 1 
7 . 7 9 6 1 E - 0 1 
8 . 3 0 8 2 E - 0 1 
8.&9'.0E-01 
8 . 9 9 5 0 E - 0 1 
9 . 2 3 5 7 E - 0 1 
9 .1 .281E-01 
9 . 5 7 9 9 E - 0 1 
9 . 6 9 7 5 E - 0 1 
9 . 7 8 6 9 E - 0 1 
9 . 8 5 3 2 E - 0 1 
9 . 9 0 H . E - 0 1 
9 . 9 3 5 i . E - 0 1 
9 . 9 5 8 9 E - 0 1 
9 . 9 7 i . 7 E - 0 i 
9 . 9 8 5 0 E - 0 1 
9 . 9 9 1 5 E - 0 1 
9 . 9 g 5 6 E - 0 1 
9 . 9 9 6 0 E - 0 1 
9 . 9 9 9 ' . E - 0 1 
l.OOOOE+OO 
02 
2 . 5 1 0 3 t - a i 
2 . 2 8 5 6 E - 3 1 
2.D171.E-31 
1 . 7 0 8 0 E - 3 1 
1 . 3 5 9 6 t - 3 1 
9 . 7 9 8 1 E - 3 2 
5.9791.E-32 
2 . 8 5 0 7 E - ) 2 
I . a 8 i . 3 £ - J 2 
' . . 2 0 0 9 E - 3 3 
2 . 1 5 6 6 £ - a 3 
l . ' . 5 0 5 £ - 3 3 
1 . 1 2 7 J E - 3 3 
9 . i . l l 6 t - 3 i . 
8 .2023£-3i> 
7.361.0E-01. 
6 . 7 6 5 7 t - 0 ' . 
6 .333i»£-a ' . 
6 .3207E-31 . 
5 . 7 9 6 a £ - 3 i . 
5 . 6 3 6 ' . £ - a i . 
5 .52' .9£-3i» 
5.1.1.85E-31. 
5 .3973E-31 . 
5 . 3 6 3 a £ - 3 i . 
5.3'»2i.E-3i» 
5 . 3 2 9 3 E - 0 ' . 
5 .3229E-31 . 
N2 
6 . a i . i . l £ - 3 1 
6 . a 7 8 7 E - a i 
6 . 9 2 9 9 E - 0 1 
6 . 9 9 6 0 E - 0 1 
7 .07 ' . 8E-01 
7 . 1 6 2 0 E - 3 1 
7 . 2 ' . 7 9 E - 0 1 
7 . 3 1 0 ' . E - a i 
7 . 3 0 8 3 E - 0 1 
7 . 2 1 2 7 E - 3 1 
7 . 0 i » 5 9 £ - a i 
6 .8<.99E-01 
D . 6 5 3 9 E - 0 1 
&.' .733E-31 
6 . 3 1 5 6 E - 0 1 
6 . 1 8 ' . 2 E - 0 1 
o . 0 7 9 ' . E - 3 1 
5 . 9 9 9 3 E - 0 1 
5 . 9 ' . 0 5 E - 0 1 
5 . 8 9 9 1 E - 0 1 
5 . 8 7 1 2 £ - 0 1 
5 . 8 5 3 0 E - 3 1 
5 .81 .16E-01 
5 . a 3 ' . 7 E - 3 1 
5 . 8 3 0 8 E - 0 1 
5 . 8 2 8 6 E - 3 1 
IJ.8273E-31 
5 . 8 266E-01 
0 
1 . 5 7 6 3 E - 0 3 
2 . a i 3 5 E - 0 2 
' . . 1 2 3 9 E - 0 2 
6.i.8<»2E-02 
9 . 3 9 1 3 E - 0 2 
1 . 1 9 1 7 E - 0 1 
l . i .e38E-ai 
1 . 7 5 1 8 E - 0 1 
1 . 9 5 2 1 E - 0 1 
2 . 3 7 7 7 E - 0 1 
2 . 1 5 5 8 E - 0 1 
2 . 2 0 9 9 E - 0 1 
2 . 2 5 0 ' . E - 0 1 
2 . 2 8 1 2 E - 0 1 
2 . 3 0 3 5 E - 0 1 
2 .3181.E-01 
2 . 3 2 7 0 E - 0 1 
2 . 3 3 0 8 E - 0 1 
2 . 3 3 1 2 E - 0 1 
2 . 3 2 9 6 E - 0 1 
2 . 3 2 6 9 E - 0 1 
2 . 3 2 3 9 E - 0 1 
2 . 3 2 1 2 E - 0 1 
2 . 3 1 8 9 E - 0 1 
2 . 3 1 7 1 E - 0 1 
2 . 3 1 5 8 E - 0 1 
2 . 3 1 6 0 E - 0 1 
2 . 3 1 ' . 5 E - 0 1 
N 
0 . 
6 . 0 2 1 0 E - 0 7 
3 . 1 8 7 8 E - 0 b 
1.9631.E-05 
1 .0835E-01. 
5 . 1 2 9 7 E - 0 ' . 
2 . 0 5 2 8 E - 0 3 
6 . 6 6 2 9 E - 0 3 
1 .6608E-Q2 
3 .1791.E-02 
' . . 9 8 6 6 E - 0 2 
6.8611.E-02 
8 . 6 7 0 1 E - 0 2 
1 . 0 3 3 5 E - 0 1 
1 . 1 8 0 9 E - 0 1 
1 . 3 0 6 5 E - 0 1 
1.1.096E-01 
l . ' . 9 1 2 E - 0 1 
1 . 5 5 3 6 E - 0 1 
1 . 5 9 9 5 E - 0 1 
1.6321.E-01 
l . b 5 5 0 E - 0 1 
1 . 6 7 0 2 E - 0 1 
1 . 6 8 0 1 C - 0 1 
1 . 6 8 6 3 E - 0 1 
1.6901E-01*' 
1 . 6 9 2 3 E - 0 1 
1 . 6 9 3 6 E - 0 1 
NO 
6 . 2 9 8 2 E - 0 2 
6 .3 i . 28E-a2 
6 . i . 0 1 5 t - 0 2 
6 .1 .729E-02 
6 . 5 5 2 6 E - a 2 
6 . 6 1 1 0 E - 0 2 
6 .1 .939E-02 
5 . 8 5 3 9 E - 0 2 
i. .6i»a'.E-32 
3.1 .833E-02 
2 . 7 5 7 9 e - 0 2 
2 . 3 6 6 5 E - 0 2 
2 . 1 3 7 5 £ - a 2 
1 . 9 8 3 9 E - 0 2 
l . a 7 0 5 E - 0 2 
1 . 7 8 3 5 E - 0 2 
1 . 7 1 6 1 E - 0 2 
1.661.I.E-02 
1 .6251.E-02 
1 . 5 9 6 5 E - 0 2 
1 . 5 7 5 5 E - 0 2 
1 . 5 6 0 7 E - 3 2 
1 . 5 5 a 5 E - 0 2 
1 .5I .36E-32 
1 .5391E-Q2 
1 . 5 3 6 2 E - 3 2 
1 .531.5E-32 
1 . 5 3 3 7 t - 3 2 
N0+ 
1.715' .E-07 
3 . 1 9 6 3 E - 0 6 
6 . 8 1 5 2 E - 0 6 
1 . 1 5 8 9 E - 0 5 
1 . 8 3 2 2 E - 0 5 
2 . 8 2 9 7 E - 0 5 
' . . 3 7 1 7 E - 0 5 
6 . 8 2 9 0 E - 0 5 
1 .0673E-0 ' . 
1.601.2E-0'. 
2 .2 i .aeE-0 l . 
2.9356E-0<. 
3 .6103E-01 . 
A.235'»£-0i . 
' . .7668E-0*. 
5 .2520E-0 ' . 
5 . 6 2 6 3 E - 0 ' . 
5 .9208E-01. 
6 .1397E-01 . 




6 .5599£-0« . 
6 . 5 7 8 5 E - 0 ' . 
6 . 5 a 9 5 £ - 0 ' . 


































a . 0 0 0 0 
. 0 3 7 0 
. 0 7 1 . 1 
. 1 1 1 1 
.11 .31 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 




. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 o 7 
. 7 0 3 7 
.71.07 
. 7 7 7 8 
. 811.8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 3 0 0 
Y/RN 
0 . 
6 . 7 2 6 5 E - 0 5 
1 . 6 ' . 2 5 E - 0 i . 
2.91.1.9E-01. 
' . . 6 1 3 6 E - 0 1 . 
6 . 6 7 8 9 E - 0 1 . 
9 . 1 6 3 3 E - 0 ' . 
1 . 2 0 7 2 E - 0 3 
1 . 5 3 7 9 E - 0 3 
1 . 9 0 2 9 E - 0 3 
2 . 2 9 6 5 E - 0 3 
2 . 7 1 1 . 0 E - 0 3 
3 . 1 5 2 1 E - 0 3 
3 . 6 & 7 9 E - 0 3 
' . . 0 7 8 6 E - 0 3 
' . . 5 6 1 5 E - 0 3 
5 . U 5 I . 3 E - 0 3 
5 .551 .6E -03 
6 . 0 6 0 7 E - 0 3 
6 . 5 7 0 9 E - 0 3 
7 .081 .0E-03 
7 . 5 9 9 1 E - 0 3 
8 . 1 1 5 6 E - 0 3 
8 . 6 3 2 8 E - 0 3 
9 . 1 5 0 6 E - 0 3 
9 . 6 6 8 7 E - 0 3 
1 . 0 1 8 7 E - 0 2 
1 . 0 7 0 5 E - 0 2 
V 
0 . 
- 7 . 6 5 9 2 E - 0 3 
- 3 . 1 5 3 2 E - 0 2 
- 7 . 3 1 1 2 E - 0 2 
- 1 . 3 3 3 3 E - 0 i 
- 2 . 1 2 6 1 E - 0 1 
- 3 . 1 0 8 i . E - 0 1 
- 1 . . 2 7 1 . 3 E - 0 1 
- 5 . 6 1 2 ' . £ - 0 1 
- 7 . 1 0 7 3 E - 0 1 
- 8 . 7 ' . 0 3 £ - 0 1 
- 1 . 0 i . 9 2 £ + 0a 
- 1 . 2 3 1 . 2 E + 0 0 
- l . i . 2 7 2 E + 0 a 
- 1 . O 2 6 6 E + 0 0 
- l . a 3 1 0 E + 0 u 
- 2 . 3 3 9 2 E + 0 U 
- 2 . 2 5 a 3 E + 0 U 
- 2 . ' . 6 3 8 E + 0 a 
- 2 . 6 7 9 0 £ + 0 d 
- 2 . 8 9 5 6 E + 0 U 
- 3 . 1 1 3 i . E + 0 a 
- 3 . 3 3 2 3 E + 0 U 
- 3 . 5 5 2 0 E + 0 a 
- 3 . 7 7 2 < . £ + 0 d 
- 3 . 9 9 3 5 E + 0 d 
- ' f . 2 1 5 1 E + 0 d 





























-1 . .1 .712E-






STANTON NUMBER = 
R S » » ( 1 + J ) = 
REYNOLDS NUMBER = 
C F - I N F = 
31 
•1 .1 .9113E+36 
1 .0 ' . 586E+06 
0 . 
• 2 . 5 3 7 0 5 E + 3 6 
• 3 . 2 6 0 3 3 t + 3 3 
2 . 0 3 0 ' . 6 £ -
8 . 8 8 3 5 5 E -
9 . 1 8 a 3 2 E + 






' . . 1 3 6 3 E - a 3 
2 . 7 2 a 5 E - 3 3 
1 . 9 6 2 1 £ - 0 3 
l . ' . 9 8 5 E - a 3 
1 . 1 9 1 0 t - 3 3 
9 . 7 6 ' . 0 £ - d ' . 
3 . 2 2 5 3 E - 3 ' . 
7 . 1 2 2 ' . £ - 3 i . 
6 . 3 5 5 2 E - 3 1 . 
& . 3 3 1 6 E - 3 ' . 
5 .1 .592E-31 . 
5 . 1 7 7 ' . t - 3 i . 
' • . 9 5 6 8 E - 3 1 . 
1 . .7828E-31 . 
' . . 61 .66E-3 ' . 
1 . .51.2IE-31. 
' . . 1 .629E-31 . 
' • . i . O i . i . t - a i . 
1 . .3622E-01 . 
• . . 3 3 2 6 E - 0 1 . 
' * . 3 1 2 ' . £ - 0 i . 
- . . 2 9 9 0 E - 3 1 . 
' • . 2 90 3E-31. 
' . . 2 8 ' .9E-3 l . 
' • . 2 8 1 6 E - 3 1 . 
' . . 2 7 9 7 E - 3 ' . 
t . 2 7 8 5 £ - 3 l . 




8 . 9 9 7 7 E + 1 3 
1 .3837E+11 . 
1 . 7 9 6 9 E + 1 ' . 
2 . 2 5 8 0 E + 1 ' . 
2 . a 5 a 9 E + l i . 
3 .7208E+11 . 
5 . 0 3 2 8 E + 1 1 . 
7 .0181 .E+1 ' . 
9 . 6 8 0 3 E t l i . 
1 . 2 7 0 3 E + 1 5 
1 . 5 7 2 7 E + 1 5 
l . a 5 1 7 E + 1 5 
2 . 3 9 6 1 E + 1 5 
2 . 3 0 1 6 E + 1 5 
2 . ' . 6 6 3 E + 1 5 
2 . 5 9 9 1 E + 1 5 
2 . 6 9 e i . E + 1 5 
2 . 7 7 1 3 E + 1 5 
2 . 8 2 3 3 E + 1 5 
2 . 8 5 9 1 E + 1 5 
2 . 3 8 3 1 E + 1 5 
2 . 8 9 8 7 E + 1 5 
2 .9C85E+15 
2.91 '»5E+15 
2 . 9 1 8 0 E + 1 5 
2 . 9 2 0 1 E + 1 5 
2 . 9 2 1 3 E + 1 5 
TOTAL 
ENTHALPY 
1 . 3 5 8 0 E + 0 7 
2 . 3 0 7 1 E + 0 7 
3 .3906E+D7 
1 . . 5883E+0 / 
5 . 8 8 3 1 E + 0 7 
7.251.6E + 07 
e .6729E+C7 
l . a 0 9 2 E + 0 d 
1.11.56E + 08 
1.271.0E+CO 
1.39i .0E+Oa 
1 .5052E+0t t 
1 . 6 0 6 2 £ + 0 a 
1 .695 i .E + 0tt 
1 .7719E+0O 
1 . 8 3 5 3 E + 0 8 
1 .3861E+0O 
1 .925 i .E + Ca 
1 .95 ' . 7E+0d 
1 . 9 7 5 9 £ + 0 a 
1 .9g06E+0tt 
2 . 0 0 0 6 E t 0 8 
2.0071E+Ott 
2 .Q112E+0a 
2 . 0 1 3 8 E + 0<» 
2 . 0 1 5 3 E + 0 a 
2 . a i 6 1 E + 0 d 
2 . 0 1 6 6 £ + 0 a 
RHO U = 
HEAT TRANSFcR = 




MOMENTUM THICKNESS = 
L AT BOUY = 
SKIN FRICTION = 
T DRAG COtF = 
P DRAG COEF = 
TOTAL DRAG = 
1 5 6 2 ' . £ - 0 1 
. 0 1 ' . 9 7 E - 0 1 
.57 ' .27E-0 l» 
, 2 1 i . i . 6 £ - 0 ' . 
. 25519b+0C 
82051E+00 
. 0 3 7 8 6 E - 0 6 









HALL MASS FLUX 
6 . 1 3 b 5 3 £ - Q 3 
1 . 3 3 8 6 9 t - 3 5 
- b . l i . 9 b O £ - 0 3 
2 . 2 7 9 ' . 2 £ - 0 7 
2 . ' t 3 i . 2 i . £ - 0 7 
- 1 . . 8 3 1 1 6 E - 0 7 
TOTAL 
MASS FLOH 
2 . 1 i . i . a 5 E - 0 9 
1 . 1 6 1 8 8 E - 0 7 
3 . 9 9 6 i . a E - 0 8 
2 . 1 7 9 2 a E - 0 8 
i . . i f i . 513E-09 
3 . 7 ' . 8 0 J £ - 1 1 
FLOH<PAR/SEC) 
5.89351E+17 






























aoov PROFILE. S = 2.I.OOOE+02 
INTERPOLATED EDGE 
XO = 
X 1 / 2 = 
X I = 
RBO = 
RB 1 / 2 = 
R81 = 
1 . 9 1 2 9 6 E + 0 1 
1 . 9 5 6 ' * 8 E + 0 1 
2 . 0 0 0 a Q £ + 0 1 
3 . 3 8 3 6 8 E + 0 0 




LAMBDA 1 / 2 










3 .2581 . ' . £ -05 
3 . ' . 0 1 9 ' . E - 0 5 
3 .5<»836E-05 
- ' • . 2 6 1 . 5 3 E - 0 3 
7 . 1 8 3 7 2 E - 0 7 
2 . d 0 6 7 3 E - 0 i * 
OELXI 
XIO 
X I 1 / 2 









2 . 9 6 1 ' . 2 E - 0 5 
2 .0 '»776E-3 i . 
2 . 1 9 5 8 3 E - 0 . 
2 .31.39 OE-31. 
6 . 7 0 6 3 5 E - 3 ! . 
1 . 6 1 6 4 2 E - 3 1 
































0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 1 . 1 
. 1 1 1 1 
. 1 1 . 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 ' . 
.< .0 7<> 
.< i<» i«< i 
.1 .815 
. 5 1 8 5 
. 5 5 5 6 
. 5 926 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
.71.07 
. 7 7 7 8 
.811.8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
1 
- 9 . « . 3 9 9 E - 0 7 
- 3 . 8 6 7 2 E - 0 * . 
1 . 2 0 0 7 E - 0 2 
3 . 6 9 6 2 E - 0 1 
1 .3579E+00 
1.58<.3E+00 
7 . 9 3 6 8 E - 0 1 
1 .7351 .6-01 
1 . 2 6 6 2 E - 0 2 
- 3 . 6 1 6 7 E - 0 3 
- ' . . 8 6 I . 8 E - 0 3 
-5 .3 ' . '»6E-03 
-s.'.ioeE-oa 
- 1 . . 9 8 1 6 E - 0 3 
- ' . . l«»26E-03 
- 3 . 1 0 7 7 E - 0 3 
- 2 . 1 0 8 9 E - 0 3 
- 1 . 3 0 0 2 E - 0 3 
- 7 . 3 1 7 1 E - 0 I . 
- 3 . 7 7 1 0 E - 0 ' . 
- 1 . 7 8 1 5 E - 0 ' . 
- 7 . 6 9 ' . 5 E - 0 5 
- 3 . 0 1 3 1 E - 0 5 
- 1 . 0 1 . 9 9 E - 0 5 
- 3 . 1 2 6 3 E - 0 6 
- 7 . 2 0 ' . 8 E - 0 7 
- 9 . 2 2 ' . 3 E - 0 8 
3 . 2 9 9 7 E - 2 6 
2 
1.3196E-<»0 
- 5 . 8 2 6 i E - l ' » 
2 . 9 7 8 9 E - 1 0 
2 .968I .E-07 
1 . .2695E-06 
5 . 7 7 3 3 E - 0 6 
1.31.90E-06 
5 . 8 7 5 0 E - a a 
3 . 8 7 2 6 E - i a 
-3 .0« i83E- lZ 
- 1 . 3 7 7 3 E - 1 3 
- 3 . 7 0 2 6 E - 1 5 
- 7 . 8 9 3 a E - 1 7 
- 1 . 8 5 6 0 E - l a 
- 1 . 5 1 . 0 2 E - 1 9 
- 8 . 5 0 2 3 E - 2 0 
- 7 . 6 5 2 3 E - 2 0 
- 5 . 9 3 7 9 E - 2 0 
- 3 . 6 1 5 6 E - 2 0 
- 1 . 7 1 9 5 E - 2 0 
- 6 . ' » 2 7 8 E - 2 1 
- 1 . 8 9 5 5 E - 2 1 
- ' . . 3 8 6 9 E - 2 2 
- 7 . 8 0 9 7 E - 2 3 
- 1 . 0 2 0 5 E - 2 3 
-B.853<.E-25 




- 1 . 1 9 1 8 E - 1 9 
1 .1626E-11. 
6 . 0 8 6 8 E - 1 1 
2 . 0 1 0 7 E - 3 9 
3 . 3 7 1 6 E - a 9 
5 . 8 8 9 3 E - 1 0 
1.2«H»bE-ll 
2 . 7 2 8 5 E - 1 ' . 
- 5 . 0 6 0 8 E - 1 7 
- ' . . 3 0 6 U E - 1 9 
- l . 8 1 7 i . E - 2 1 
- 5 . ' . 3 5 5 E - 2 ' . 
- 1 . 8 9 1 3 E - 2 6 
- ' . . 3 8 6 2 E - 2 8 
- 1 . 7 5 ' » 6 E - 2 8 
- l . ' . 6 8 5 E - 2 a 
- 9 . d 8 1 3 E - 2 9 
- ' , . 6 3 a i . E - 2 9 
- 1 . 5 0 7 3 E - 2 9 
- 3 . 1 . 2 1 6 E - 3 0 
- 5 . 1 . 5 1 7 E - 3 1 
-6 .01 .83E-32 
- I . . 5 3 2 1 E - 3 3 
- 2 . 1 3 7 7 E - 3 1 . 
- 5 . < . 5 9 1 E - 3 6 
- 5 . 1 0 9 ' . £ - 3 8 
9 . 8 9 0 7 E - a 9 
•» 
1 . 5 7 7 1 E - 2 5 
- 2 . 8 2 9 1 E - 0 8 
7 . 3 6 2 e E - a 6 
6.0i»2?E-0<, 
3 . 2 5 7 8 E - 0 3 
3 . 7 2 3 0 E - 0 3 
1 . 2 7 3 2 E - 0 3 
1.35I.2E-01. 
2 . 9 1 0 7 E - a 6 
- ' . . 7 8 0 8 E - 0 7 
- 1 . 2 1 9 3 E - 0 7 
- 2 . 3 1 6 ' . E - 0 8 
- 3 . 7 ' . 3 7 E - 0 9 
- 5 . 9 9 7 2 E - 1 0 
- 1 . 6 9 3 2 E - 1 0 
- 1 . 1 5 5 5 E - 1 0 
- 9 . 1 . 6 0 2 E - 1 1 
- 6 . 7 8 3 e E - l l 
- 1 . . 0 8 2 8 E - 1 1 
- 2 . 0 6 1 . 7 E - 1 1 
- 8 . 8 1 8 7 E - 1 2 
- 3 . 1 8 6 2 E - 1 2 
- 9 . 6 7 9 0 E - 1 3 
- 2 . ' . 2 5 7 E - 1 3 
-"..aoigE-ii. 
- 6 . 7 9 7 2 E - 1 5 
- 5 . 1 1 8 6 E - 1 6 
- 5 . 9 6 1 0 E - 5 1 
5 
3 . 6 5 3 6 E - 0 9 
- 3 . 3 9 6 9 E - 0 * . 
- 3 . 5 9 6 9 E - 0 3 
- l . 7 9 1 i . E - 0 1 
- 6 . 6 8 8 5 E - 0 1 
- 9 . 1 . 5 9 3 E - 0 1 
- 6 . 8 6 0 6 E - 0 1 
-2 .a2<»0E-01 
- 6 . 7 9 3 ' . E - 0 2 
- l . 0 4 7 i . E - 0 2 
- 1 . 2 7 0 6 E - 0 3 
- 1 . 4 6 2 7 E - 0 4 
- 1 . 6 5 2 2 E - 0 5 
- 2 . 1 5 6 3 E - 0 6 
- 5 . 9 8 2 9 E - 0 7 
- 3 . 5 ' . 1 7 E - 0 7 
- 2 . 1 . 5 0 8 E - 0 7 
- 1 . 6 3 1 0 E - 0 7 
- 1 . 0 1 2 9 E - 0 7 
- 5 . 8 3 5 3 E - 0 8 
- 3 . 1 0 6 9 E - 0 8 
- 1 . 5 2 0 9 E - 0 8 
- 6 . 7 8 6 8 E - 0 9 
- 2 . 7 2 0 6 E - 0 9 
- 9 . 5 3 6 8 E - 1 0 
- 2 . 7 7 3 3 E - 1 0 
- 5 . 8 6 26E-11 
- 2 . 7 2 0 5 E - 3 1 
6 
3 .3615E-11 . 
- 1 . 0 0 5 9 E - 0 3 
3 . 1 5 ' . l E - 0 3 
2 . 1 0 1 9 E - 0 1 
7 . 3 2 5 0 E - 0 1 
9 .1 .973E-01 
6 . 1 1 3 3 E - 0 1 
2 . a 9 i . 3 E - 0 1 
3 . 6 1 9 2 E - 0 2 
2 .36 '> lE-03 
- 1 . 3 7 1 5 E - 0 1 . 
- 4 . 1 0 9 2 E - 0 5 
- i » . a 5 5 3 E - 0 6 
- 5 . 1 2 7 6 E - 0 7 
- 9 . 6 8 5 0 E - 0 8 
- ' t . 6 0 1 8 E - 0 d 
- 2 . 7 3 6 5 E - 0 8 
- 1 . 1 . 7 9 0 E - 0 8 
- 6 . 9 1 2 7 E - 0 9 
- 2 . 7 7 9 5 E - 0 9 
- 9 . 6 1 I . 0 E - 1 0 
- 2 . a 5 « . i . E - l u 
- 7 . 2 1 4 9 E - l i 
- l . 5 2 2 i . E - l l 
- 2 . 5 6 9 3 E - 1 2 
- 3 . 1 1 . 6 0 E - 1 3 
- 2 . 0 8 5 5 E - 1 1 . 
l . l ' . 86E-3< . 
7 
- 1 . 7 3 9 5 E - 1 1 
- 1 . 7 8 9 2 E - 0 8 
- 3 . 5 6 6 8 E - 0 8 
i t . l l l 5 E - 0 8 
6 . 1 9 6 8 E - 0 7 
9 . 8 6 0 3 E - 0 7 
3 . 6 6 8 1 E - 0 7 
- 1 . 2 9 1 . 1 E - 0 7 
- 2 . 8 5 0 0 E - 0 7 
- 3 . 7 0 9 3 e - 0 7 
- ' . . ' . 8 5 0 E - 0 7 
- 5 . 0 ' . 3 8 £ - 0 7 
- 5 . 2 0 7 5 E - 0 7 
- ' • . 8 9 9 5 E - 0 7 
- ' . . 1 9 1 ' . E - 0 7 
- 3 . 2 6 ' . 5 E - 0 7 
- 2 . 3 2 2 0 E - 0 7 
- 1 . 5 1 3 6 E - 0 7 
- 9 . 0 6 3 3 E - 0 8 
- ' • .9a9'»E-08 
- 2 . 5 2 0 7 E - 0 8 
- 1 . 1 6 2 7 E - 0 8 
- ' . .81 .39E-09 
- 1 . 7 8 5 3 E - 0 9 
- 5 . 5 7 8 9 E - 1 0 
- 1 . 3 3 6 5 E - 1 0 
- 1 . 7 5 9 5 E - 1 1 
































u . o a o o 
. 0 3 7 0 
. 0 7 4 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 3 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 3 4 
. 4 3 7 4 
. 4 4 4 4 
. 4 3 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 b b 7 
. 7 0 3 7 
. 7 4 0 7 
. 7 7 7 8 
. 8 1 4 8 
. 8 5 1 9 
. 8 d t ) 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 00 0 
FPRIME 
0 . 
9 . 1 7 6 5 E - 0 2 
2 . 3 C 2 9 E - 0 1 
3 . 1 6 7 6 E - 0 1 
4 . 3 4 6 4 E - 0 1 
5 . 4 7 9 2 E - 0 1 
6 . 5 1 2 2 E - 0 1 
7 . 4 0 4 5 E - 0 1 
8 . 1 3 4 Q E - 0 1 
8 . 6 9 9 6 E - 0 1 
9 . 1 1 7 6 E - 0 1 
9 . 4 1 3 9 E - 0 1 
9 . 6 1 6 9 E - 0 1 
9 . 7 5 2 4 E - C 1 
9 . 8 4 1 1 E - 0 1 
9 . 8 9 8 5 E - 0 1 
9 . 9 3 5 2 E - 0 1 
9 . 9 5 8 8 E - D 1 
9 . 9 7 4 1 E - 0 1 
9 . 9 8 4 1 E - 0 1 
9 . 9 9 0 7 E - 0 1 
9 . 9 9 5 2 E - 0 1 
9 . 9 9 a 2 £ - 0 1 
l.OOOOE+OO 
l . O O O l E + 0 0 




1 . 3 2 9 7 E + 0 a 
2 . 5 6 8 1 E + 0 d 
3 . 6 4 5 8 E + 0 0 
4 . 4 1 3 2 E + 0 3 
4 . 8 0 9 5 E + 0 0 
4 . 3 5 8 6 E + 0 a 
4 . 6 2 8 5 E + 0 d 
4 . 2 0 2 4 E + 0 J 
3 . 6 7 5 9 E + 0 3 
3 . 1 3 3 4 E + 0 J 
2 . 6 5 1 1 E + 0 U 
2 . 2 4 3 Q E + 0 d 
1 . 9 1 8 7 E + 0 d 
1 . 6 6 9 9 E + 0 J 
1 . 4 8 3 3 E + 0 d 
1 . 3 4 5 2 E + 0 d 
1 . 2 4 3 9 E + 0 a 
1 . 1 6 9 9 E + 0 d 
1 . 1 1 6 0 E + 0 0 
1 . 0 7 6 8 E + 0 0 
1 . 0 4 3 5 E + 0 a 
1 . 0 2 3 1 E + 0 0 
1 . 3 1 3 8 E + 0 d 
i . 0 0 4 3 E + 0 d 
9 . 9 3 b 4 £ - 0 1 
9 . 9 6 3 1 £ - 0 i 
9 . 9 6 8 6 E - 0 1 
l.OOOOE+Oa 
0 2 
2 . 1 4 i a £ - 3 1 
2 . 1 0 6 3 E - 3 1 
2 . 0 6 3 8 E - 3 1 
2 . 3 1 7 3 t - 3 1 
1 . 9 7 5 b E - J l 
1 . 9 6 3 5 E - 3 1 
1 . 9 8 3 3 t - 3 1 
2 . 3 2 1 0 E - 3 1 
2 . 3 6 7 5 E - 3 1 
2 . 1 1 3 1 t - J l 
2 . 1 5 5 2 E - 0 1 
2 . 1 9 2 ' + £ - 3 1 
2 . 2 2 4 1 E - 3 1 
2 . 2 5 0 1 E - 3 1 
2 . 2 7 0 9 £ - 3 i 
2 . 2 8 7 1 E - 3 1 
2 . 2 9 9 3 E - J 1 
2 . 3 0 3 4 E - 3 1 
2 . 3 1 4 9 E - 3 1 
2 . 3 1 9 5 t - J l 
2 . 3 2 2 o E - 3 i 
2 . 3 2 4 7 £ - 3 1 
2 . 3 2 6 1 E - 3 1 
2 . 3 2 6 9 E - : i 
2 . 3 2 7 4 E - ) 1 
2 . 3 2 7 7 E - 3 1 
2 . 3 2 7 9 E - 3 1 
2 . 3 2 3 3 E - 3 1 
re 
7 . 4 8 0 9 £ - a i 
7 . 4 8 3 6 £ - a i 
7 . 5 0 0 6 E - 3 1 
7 . 5 1 4 9 E - 0 1 
7 . 5 3 1 2 E - J 1 
7 . 5 4 9 9 E - J 1 
7 . 5 7 1 3 E - 3 1 
7 . 5 9 3 8 £ - 3 1 
7 . 6 1 3 7 E - 0 1 
7 . 6 2 9 2 £ - 0 1 
7 . b 4 0 2 t - 3 1 
7 . 6 4 7 9 E - 3 1 
7 . 6 5 3 3 C - 3 1 
7 . 6 5 7 3 £ - a i 
7 . 6 6 0 4 £ - a i 
7 . 6 6 2 9 E - 0 1 
7 . 6 6 4 9 E - 0 1 
7 . 6 6 6 7 E - 3 1 
7 . 6 6 8 1 E - 3 1 
7 . & 6 9 2 E - 3 1 
7 . 6 7 0 1 E - 3 1 
7 . 6 7 0 7 E - 0 1 
7 . 6 7 l 2 E - a i 
7 . 6 7 1 6 E - 3 1 
7 . 6 7 1 7 E - 3 1 
7 . 6 7 1 9 E - 0 1 
7 . 6 7 2 0 E - 0 1 
7 . 6 7 2 0 £ - a i 
« 
6 . 3 4 8 9 E - 0 5 
2 . 7 6 6 0 E - 0 3 
5 . 8 3 7 3 E - 0 3 
9 . 0 8 0 5 E - 0 3 
1 . 2 0 8 7 E - 0 2 
1 . 3 9 0 9 E - 0 2 
l . ' . 1 8 4 E - 0 2 
1 . 3 4 9 9 E - 0 2 
1 . 2 4 1 7 E - 0 2 
1 . 1 1 3 9 E - 0 2 
9 . 7 4 5 0 E - 0 3 
8 . 3 0 9 1 E - D 3 
6 . 9 C I 4 5 E - 0 3 
5 . 5 9 1 9 E - 0 3 
4 . 4 1 4 5 E - 0 3 
3 . 3 9 6 3 E - 0 3 
2 . 5 4 5 1 E - 0 3 
1 . 8 5 6 1 E - 0 3 
1 . 3 1 5 6 E - 0 3 
9 . 3 4 7 5 E - 0 4 
6 . a 2 2 3 £ - 0 4 
3 . 3 6 5 6 E - 0 4 
2 . 3 7 8 6 E - 0 4 
1 . 3 8 8 3 E - 0 4 
7 . 5 2 4 6 E - 0 5 
3 . & 0 2 4 E - 0 6 
1 . 2 9 O O E - 0 5 
3 . 3 2 1 6 E - 2 0 
N 
0 . 
1 . 9 5 6 4 E - 0 O 
5 . 2 2 5 2 E - 0 / 
3 . 3 3 4 1 E - 0 6 
8 . 3 6 6 2 E - 0 b 
1 . 3 5 0 3 E - 0 a 
7 . 4 9 1 8 E - 0 b 
3 . 3 0 4 7 E - O b 
9 . 6 a i 8 £ - 0 7 
1 . 9 7 2 5 E - 0 7 
3 . 1 2 9 9 E - 0 8 
4 . 1 5 6 8 E - 0 ' i 
4 . 9 a 7 2 E - l u 
6 . 4 2 1 5 E - 1 1 
1 . 5 9 3 b £ - l i 
1 . 0 4 7 0 E - 1 1 
9 . a 0 1 1 E - 1 2 
7 . 3 4 0 0 E - 1 2 
5 . 3 9 7 4 E - 1 2 
3 . 5 5 e 4 E - 1 2 
2 . 1 0 3 7 E - 1 2 
1 . 1 1 4 5 E - 1 2 
5 . 2 6 B 2 E - 1 3 
2 . 1 9 6 6 E - 1 3 
7 . 8 8 4 3 E - 1 4 
2 . 3 1 6 4 E - 1 ' . 
4 . 8 8 2 6 E - l a 
2 . 2 3 5 4 E - 3 i > 
NO 
3 . 7 6 6 6 E - 0 2 
3 . 7 6 9 8 E - 0 2 
3 . 7 7 2 9 £ - a 2 
3 . 7 7 2 1 £ - a 2 
3 . 7 2 2 3 £ - a 2 
3 . 5 Q 3 9 £ - a 2 
3 . a b 5 0 £ - D 2 
2 . 5 0 1 9 E - 0 2 
1 . 9 4 5 3 E - 0 2 
1 . 4 6 3 3 E - 0 2 
1 . 3 7 i a E - 0 2 
7 . 6 6 4 7 E - 0 3 
5 . 3 5 9 5 E - Q 3 
3 . 6 6 7 1 E - 3 3 
2 . 4 5 5 1 t - 3 3 
1 . 6 a 7 0 E - 0 3 
1 . 0 2 7 0 E - 0 3 
6 . 3 9 a i t - 0 ' . 
3 . 8 7 7 b £ - 0 4 
2 . 2 8 1 0 E - 0 4 
1 . 2 9 9 0 E - 3 4 
7 . 1 3 7 0 E - Q 5 
3 . 7 6 3 0 £ - 0 5 
1 . 8 8 6 3 E - 0 5 
d . 8 1 9 0 E - 0 6 
3 . 6 6 8 3 £ - a 6 
1 . 1 5 3 8 t - 0 6 
5 . 3 5 4 3 E - 2 0 
N0 + 
1 . 3 6 0 6 E - 1 0 
6 . 5 7 7 6 E - 0 9 
1 . 3 4 6 6 E - 0 8 
2 . 0 4 6 7 E - 0 8 
2 . 7 1 6 3 E - 0 8 
3 . 2 6 7 8 E - 0 8 
3 . 6 2 8 8 E - 0 8 
3 . 8 C 4 4 E - 0 8 
3 . a i 5 0 £ - 0 8 
3 . 6 7 5 3 E - 0 8 
3 . 4 1 0 9 E - 0 8 
3 . 0 5 8 1 E - 0 8 
2 . b 6 b 4 E - 0 8 
2 . 2 4 1 1 E - 0 8 
1 . 3 4 0 2 E - 0 8 
1 . 4 7 2 1 E - 0 8 
1 . 1 4 7 6 E - 0 8 
8 . 7 1 1 8 6 - 0 9 
6 . 4 2 94 £ - 0 9 
4 . 6 t 2 0 £ - 0 9 
3 . 1 8 4 4 C - 0 9 
2 . l £ : 0 5 £ - 0 9 
1 . 3 4 9 6 E - 0 9 
8 . 1 1 6 8 E - 1 0 
4 . 5 1 1 3 E - 1 0 
2 . 2 0 2 9 E - 1 0 
7 . 9 9 7 0 E - 1 1 































0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 4 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 4 
. 4 0 7 4 
. 4 4 4 4 
. 4 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 4 0 7 
. 7 7 7 8 
. 8 1 4 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 







8 . 1 1 7 8 6 - 0 3 
2 . 1 1 1 3 6 - 0 2 
3 . 8 0 0 7 6 - 0 2 
5 . 7 3 7 3 6 - 0 2 
7 . 7 6 9 0 6 - 0 2 
9 . 7 6 1 8 6 - 0 2 
1 . 1 6 1 3 6 - 0 1 
1 . 3 2 6 1 6 - 0 1 
1 . 4 6 8 3 E - 0 1 
1 . 5 8 8 8 6 - 0 1 
1 . 6 9 0 4 6 - 0 1 
1 . 7 7 6 8 6 - 0 1 
1 . 8 5 1 1 6 - 0 1 
1 . 9 1 6 4 6 - 0 1 
1 . 9 7 4 9 6 - 0 1 
2 . 0 2 8 4 6 - 0 1 
2 . 0 7 8 3 6 - 0 1 
2 . 1 2 5 5 6 - 0 1 
2 . 1 7 0 9 6 - 0 1 
2 . 2 1 4 8 6 - 0 1 
2 . 2 5 7 7 E - 0 1 
2 . 2 9 9 8 6 - 0 1 
2 . 3 4 1 5 6 - 0 1 
2 . 3 8 2 9 E - 0 1 
2 . 4 2 4 1 6 - 0 1 
2 . 4 6 5 3 6 - 0 1 
2 . 5 0 6 5 6 - 0 1 
V 
0 . 
- 1 . 1 7 6 2 6 - 0 2 
- 4 . 9 3 9 4 6 - 0 2 
- 1 . 1 6 1 9 6 - 0 1 
- 2 . 1 3 0 3 6 - 0 1 
- 3 . 3 8 6 1 6 - 0 1 
- 4 . 9 0 6 6 E - 0 1 
- 6 . 5 4 5 3 E - 0 1 
- 8 . 5 5 5 9 6 - 0 1 
- 1 . 0 5 9 2 6 + 0 0 
- 1 . 2 7 1 3 6 + 0 0 
- 1 . 4 8 8 8 E + 0 a 
- 1 . 7 0 9 5 6 + 0 0 
- 1 . 9 3 2 1 6 + 0 0 
- 2 . 1 5 5 5 6 + 0 0 
- 2 . 3 7 9 5 6 + 00 
-2 .6O36E+0d 
- 2 . 8 2 7 7 E + 0 0 
- 3 . 0 5 1 7 E + 0 0 
- 3 . 2 7 5 7 E + 0 0 
- 3 . 4 9 9 6 E + 0 0 
- 3 . 7 2 3 3 E + 0 0 
- 3 . 9 4 6 9 E + 0 0 
-4 .1702E+Oa 
- 4 . 3 9 3 4 6 + 0 0 
- 4 . 6 1 6 3 6 + 0 0 
- 4 . 8 3 9 0 6 + 0 0 





























1 .054aE - 3 5 







STANTON NUMBER = 
RS»»(1+J) = 




3 .047aaE + 34 
•1 .46366E+a3 
0 . 




- 0 4 
- 3 1 
1 .10441E+3a 










- 2 . 
- a . 
8 . 
- 9 . 
- 1 . 
- 0 4 
DENSITY 
1 . 5 0 9 4 E - 0 4 
7 . 7 9 5 4 E - 0 5 
5 . 4 7 5 1 6 - 0 5 
4 . 5 0 9 0 E - 0 5 
4 . 1 2 5 7 E - 0 5 
4 . 0 7 6 9 E - 0 5 
4 . 2 7 8 5 E - 0 5 
4 . 7 1 5 4 6 - 0 5 
5 . 3 9 6 5 6 - 0 5 
6 . 3 2 8 5 6 - 0 5 
7 . 5 0 1 6 E - 0 5 
a . 8 7 8 9 E - 0 5 
1 . 0 3 9 3 E - 0 4 
1 . 1 9 5 6 E - 0 4 
1 . 3 4 7 6 E - 0 4 
1 . 4 8 7 3 E - a 4 
1 . 6 0 9 7 E - 0 4 
1 . 7 1 2 5 E - 0 4 
1 . 7 960E-04 
1 . 8 6 2 1 E - 0 4 
1 . 9 1 3 0 E - 0 4 
1 . 9 5 1 2 E - 0 4 
1 . 9 7 9 0 6 - 0 4 
1 . 9 9 7 9 E - 0 4 
2 . 0 0 9 3 E - 0 4 
2 . a i 4 1 E - 0 4 
2 . 0 1 3 0 E - 0 4 




1 . 6 5 6 4 6 + 0 8 
5 . 3 0 5 6 6 + 0 9 
7 . 6 2 8 8 6 + 0 9 






2 . 4 0 6 7 6 + 1 0 
2 . 6 4 7 6 6 + 1 0 
2 . 8 0 9 6 6 + 1 0 
2 . 8 5 6 7 6 + 1 0 
2 .7727E+10 
2 .56596+10 





6 . 3 0 33E+09 
4 . 2 8 1 4 6 + 0 9 
2 . 7 6 3 6 6 + 0 9 
1 . 6 7 7 8 6 + 0 9 
9 . 3 7 95E+0 8 
4 .5910E+08 
1 .66576+08 




2 . 6 7 9 5 6 + 0 7 
4 . 4 6 0 5 6 + 0 7 




1 . 4 9 9 9 6 + 0 8 
1 . 6 6 0 7 6 + 0 8 
1 . 7 8 5 7 6 + 0 8 
1 . 8 7 6 4 6 + 0 8 
1 . 9 3 8 2 6 + 0 8 
1.97786+Oa 
2.0018E+Od 
2 . 0 1 5 2 6 + 0 8 
2 . 0 2 2 2 6 + 0 8 
2 . 0 2 5 4 6 + 0 8 
2 .0264E+0d 
2 . 0 2 6 4 6 + 0 8 
2 . 0 2 6 0 6 + 0 8 
2 . 0 2 5 5 6 + 0 8 
2 . 0 2 5 1 6 + 0 8 
2 .0247E+08 
2 . 0 2 4 4 6 + 0 8 
2 . 0 2 4 2 6 + 0 8 
2 . 0 2 4 1 6 + 0 8 
2 .0239E+08 
2 .0238E+08 
RHO V = 
HEAT TRANSFER = 





M0H6NTUM THICKNESS = 
L AT BOOY = 




T DRAG COtF = 
P DRAG COEF = 
TOTAL DRAG = 
MASS FLUX MASS FLOM FLOH(PAR/SEC) 
a 9 3 8 9 E - 0 6 1 . 4 8 8 2 9 E - 0 1 
8 7 1 3 4 E - 0 7 5 . 0 8 9 3 8 E - 0 1 
6 3 6 6 5 E - 0 6 3 . 0 5 7 2 6 E - 0 3 
2a651E-10 5 . 7 1 4 2 4 6 - 0 7 
2 8 9 a i £ - 1 0 4 . 7 8 6 3 7 6 - 0 3 























































































































































































































- 8 . 3 7 2 d 2 4 5 £ - 3 2 
- 8 . 4 4 6 4 9 5 5 E - 0 2 
- 8 . 4 1 7 3 0 7 7 £ - a 2 
- 8 . 3 5 7 3 7 b 8 £ - 3 2 
- 8 . 2 a D 6 2 a 0 E - 3 2 
- 8 . 2 0 5 b 7 1 1 £ - 0 Z 
• a . l l 5 7 2 j 5 E - d 2 
- 8 . 0 1 d 3 3 3 9 £ - 3 2 
- 7 . 9 3 d 5 1 7 3 £ - 3 2 
- 7 . 7 7 b 3 5 i 3 E - 3 2 
• 7 . 5 g 2 6 9 4 1 £ - 0 2 
- 7 . 4 2 b o 4 d 9 £ - 0 2 
- 7 . 3 0 2 d d 6 6 E - Q 2 
- 6 . 9 5 3 4 b 5 8 E - 3 2 
- 6 . 4 2 5 7 d 3 5 E - 3 2 
- 6 . 0 2 d 4 d 3 8 £ - 3 2 
- 5 . 6 2 8 2 4 3 b E - a 2 
- 5 . 1 2 o 8 3 b 6 E - i 3 2 
- 4 . 5 5 7 5 1 J 1 E - 0 2 
- 3 . 8 7 8 4 1 1 4 £ - 3 2 
- 3 . a 7 2 2 5 b 3 c - 3 2 
- 2 . 1 4 / 7 3 1 5 E - 0 2 
- 1 . 0 9 6 5 4 J l £ - a 2 
3.31536J9E-34 
1.134abd2£-32 
2 . 1 7 b 7 3 5 3 £ - 3 2 
3 . 1 6 1 5 1 5 1 £ - a 2 
3 . 0 6 9 3 5 3 4 £ - a 2 
1 . 5 1 b J 8 7 1 £ - J 2 
5 . 7 a i 5 3 4 0 £ - 3 3 
5 . 9 0 5 8 8 t a £ - 3 3 
5 . 5 1 3 9 6 4 4 E - J 3 
4.97473]l£-a3 
4 . 4 3 5 2 6 2 2 E - J 3 
3 . 8 7 5 5 2 i a t - a 3 
3 . 4 2 3 9 2 ' t l £ - 3 3 
3 . 0 2 9 d 5 o 3 £ - 3 3 
2 . b 4 b ' . 5 1 6 £ - J 3 
2 . 2 9 3 i - 7 l 2 £ - 3 3 
1 . 9 4 3 J 9 9 6 E - 3 3 
1 . 5 3 r ) a Q b 3 £ - a 3 
1 . 2 3 3 8 8 3 8 E - 3 3 
8 . 7 2 g 4 5 7 b £ - 3 4 
5 . 7 4 8 5 3 4 3 E - 3 4 




2 . 2 2 2 8 6 
5 . 3 6 4 9 3 
4 . 6 2 3 4 7 
2 . 1 7 9 2 9 
7 . b 3 4 9 2 
2 . 2 0 1 0 7 
5 . 5 1 b 5 9 
1 . 2 2 4 1 8 
2 . 4 7 7 8 7 
4 . 6 6 4 1 0 
3 . 2 7 3 0 1 
1 . 3 9 7 8 5 
2 . 2 6 7 6 6 
3 . 5 4 1 7 1 
5 . 3 3 5 7 1 
7 . 7 8 3 7 2 
1 . 1 0 3 1 3 
1 . 5 2 2 1 9 
2 . 1 1 3 5 1 
2 . 9 1 1 1 4 
3 . 9 6 3 3 8 
5 . 2 7 6 2 3 
6 . 8 4 2 5 0 
8 . 5 9 9 3 5 
1 . 0 4 4 9 5 
1 . 2 3 2 9 7 
1 . 4 0 o 9 9 
1 . 5 6 4 9 3 
1 . 7 2 3 8 0 
1 . 8 9 4 5 0 
2 . 0 7 3 7 0 
2 . 2 7 6 8 5 
2 . 4 8 9 5 6 
2 . 7 1 7 6 2 
2 . 9 6 1 9 7 
3 . 2 2 3 6 2 
3 . 5 0 3 7 5 
3 . 8 1 6 2 5 
4 . 1 6 3 5 3 
4 . 5 4 347 
4 . 9 7 452 
5 . 4 4 5 9 4 
5 . 9 6 7 7 7 
6 . 5 4 5 6 3 
7 . 1 8 5 9 1 
1 4 E - 1 7 
O a E - 1 6 
4 1 E - 1 5 
e 8 £ - 1 4 
9 1 E - 1 4 
5 4 E - 1 3 
l l E - 1 3 
3 2 E - 1 2 
8 2 E - 1 2 
8 5 E - 1 2 
4 7 E - 1 2 
1 6 E - 1 
7 5 E - 1 
3 3 E - 1 
7 9 E - 1 
2 6 E - 1 
O l E - 1 0 
5 9 E - 1 0 
7 5 E - 1 0 
7 2 E - 1 0 
9 7 E - 1 0 
6 7 E - 1 0 
7 0 E - 1 0 
1 5 E - 1 0 
3 4 E - 0 9 
2 9 E - 0 9 
9 6 E - 0 9 
9 2 E - 0 9 
5 7 E - 0 9 
0 6 E - 0 9 
4 6 E - 0 9 
3 3 E - 0 9 
0 8 E - 0 9 
2 6 E - C 9 
3 9 E - 0 9 
7 5 E - 0 9 
1 3 E - 0 9 
1 4 E - 0 9 
9 8 E - 0 9 
7 1 E - 0 9 
7 4 E - 0 9 
0 2 E - 0 9 
3 1 E - 0 9 
7 2 E - 0 9 


















































































































































. 4 4 5 5 4 5 5 6 + 0 0 
.9<»637126+00 
. 5 0 2 4 7 7 3 6 + 0 0 
. 1 1 3 8 6 3 6 6 + 0 0 
. 7 8 0 5 3 0 3 6 + 0 0 
.5024773E+00 
. 0 2 7 9 7 0 5 6 + 0 1 
. 1 1 1 2 2 1 2 6 + 0 1 
. 2 0 0 0 0 0 0 6 + 0 1 
. 2 9 4 3 0 6 8 6 + 0 1 
. 3987677E+01 
. 5133826E+01 
. 6 3 8 1 5 1 5 6 + 0 1 
. 7 7 3 0 7 4 5 6 + 0 1 
. 9 1 8 1 5 1 5 6 + 0 1 
.0733826E+01 
. 2 3 8 7 6 7 7 6 + 0 1 
. 4 1 4 3 0 6 8 6 + 0 1 
. 6 0 0 0 0 0 0 6 + 0 1 
. 7 9 5 8 4 7 2 6 + 0 1 
. 0 4 0 6 9 7 8 6 + 0 1 
. 3 3 4 5 5 1 6 6 + 0 1 
. 6 7 7 4 0 8 7 6 + 0 1 
. 0 6 9 2 6 9 2 6 + 0 1 
. 5 1 0 1 3 2 9 6 + 0 1 
. 0 0 0 0 0 0 0 6 + 0 1 
. 5 3 8 8 7 0 4 6 + 0 1 
. 0 9 9 7 2 3 0 6 + 0 1 
. 6 8 2 5 5 8 0 6 + 0 1 
. 2 8 7 3 7 5 2 6 + 0 1 
. 9 1 4 1 7 4 7 6 + 0 1 
. 5 6 2 9 5 6 5 6 + 0 1 
. 2 3 3 7 2 0 6 6 + 0 1 
. 9 2 6 4 6 7 0 6 + 0 1 




. 3 7 1 9 9 3 3 E + 0 2 
.4544573E+02 









1 . 7 2 8 2 8 6 7 6 - 0 3 
1 . 8 1 4 3 6 3 3 6 - 0 3 
1 . 9 0 9 7 9 4 1 6 - 0 3 
2 . 0 1 5 3 8 9 9 E - a 3 
2 . 1 3 1 9 9 5 2 6 - 0 3 
2 . 2 6 0 6 6 2 5 6 - 0 3 
2 . 4 0 3 0 8 5 9 E - 0 3 
2 . 5 5 9 8 8 9 9 6 - 0 3 
2 . 7 3 2 6 0 2 8 6 - 0 3 
2 . 9 2 2 7 0 2 4 6 - 0 3 
3 . 1 4 1 8 1 8 7 6 - 0 3 
3 . 3 9 5 4 0 2 2 E - a 3 
3 . 6 8 6 8 4 1 0 6 - 0 3 
4 . 0 2 0 2 4 0 9 6 - 0 3 
4 . 4 0 2 6 8 3 7 6 - 0 3 
4 . 8 4 3 4 3 9 0 6 - 3 3 
5 . 3 5 3 8 8 6 1 6 - 0 3 
5 . 9 4 a 6 0 S 8 E - a 3 
6 . 6 1 3 3 8 6 3 E - a 3 
7 . 3 8 342136-03 
8 . 4 4 1 5 1 2 1 E - 0 3 
9 . 8 6 1 5 8 8 6 6 - 0 3 
1 . 1 7 2 7 1 2 9 E - 0 2 
1 . 4 1 1 8 8 9 6 E - 0 2 
1 . 7 l l 5 2 9 5 E - a 2 
2 . 0 7 7 0 9 1 2 6 - 0 2 
2 . 5 1 3 3 6 0 8 E - 0 2 
3 . 0 0 0 4 3 4 3 6 - 0 2 
3 . 5 4 1 3 2 9 6 6 - 0 2 
4 . 1 4 1 8 0 2 3 6 - 0 2 
4 . 8 0 8 1 3 4 8 6 - 0 2 
5 . 5 4 3 3 2 7 6 6 - 0 2 
6 . 3 5 1 2 3 2 5 6 - 0 2 
7 . 2 3 5 2 8 1 7 E - 0 2 
8 . 1 9 7 3 2 2 7 E - d 2 
9 . 2 3 9 0 4 8 9 E - 0 2 
1 . 0 3 5 3 0 5 3 E - 0 1 
1 . 1 5 3 3 6 3 8 £ - d l 
1 . 2 7 9 0 6 9 6 6 - 0 1 
1 . 4 1 2 4 6 6 2 6 - 0 1 
1 . 5 5 3 7 4 7 2 6 - 0 1 
1 . 7 0 2 9 7 6 2 6 - 0 1 
1 . 8 6 0 4 0 4 3 E - 0 1 
2 . 0 2 6 2 5 7 4 E - 0 1 
2 . 2 0 0 7 1 3 6 E - 0 1 
2 . 3 8 3 9 9 9 2 E - 0 1 
2 . 5 7 6 2 4 7 9 E - 0 1 
2 . 7 7 6 8 8 9 8 6 - 0 1 
2 . 9 8 5 6 9 0 3 E - a i 
• 2 . 0 8 9 1 8 8 1 6 - 0 4 
- 4 . 6 8 8 2 3 7 9 6 - 0 4 
- 8 . 6 1 0 7 8 2 7 6 - 0 4 
- 1 . 0 7 9 8 8 1 5 E - 0 3 
- 1 . 3 2 3 5 i a 6 £ - 0 3 
• 1 . 5 0 2 9 1 6 7 E - 0 3 
• 1 . 6 8 3 4 2 3 9 6 - 3 3 
- 1 . 8 7 3 7 1 3 7 E - a 3 
- 2 . 0 4 9 4 6 6 6 E - a 3 
- 2 . 2 7 6 3 9 8 1 6 - 0 3 
- 2 . 4 2 1 7 7 2 6 E - 0 3 
- 2 . 3 6 8 0 8 7 0 E - 0 3 
- 2 . 4 7 9 5 9 5 4 E - 0 3 
- 2 . 7 1 9 8 1 3 6 E - 0 3 
- 3 . 1 3 5 6 7 8 2 6 - 0 3 
- 3 . 4 6 1 7 4 4 8 E - 0 3 
- 3 . 5 5 a 7 7 2 3 E - 0 3 
- 3 . 8 0 6 1 6 5 7 E - 0 3 
- 4 . 0 1 0 4 2 7 4 6 - 0 3 
- 4 . 1 9 0 9 6 4 1 6 - 3 3 
- 4 . 1 9 5 8 7 3 4 6 - 0 3 
- 3 . 7 6 9 3 5 5 3 6 - 0 3 
- 3 . 4 8 0 1 9 4 7 E - a 3 
- 3 . 7 7 1 8 1 5 8 E - 0 3 
- 4 . 0 1 4 7 0 2 7 6 - 0 3 
- 3 . 6 4 9 5 0 5 2 6 - 0 3 
- 2 . 8 8 6 2 1 1 5 6 - 0 3 
- 2 . 4 1 0 0 9 3 8 6 - 0 3 
- 2 . 4 7 3 6 9 7 8 6 - 0 3 
- 2 . 5 3 8 4 8 8 2 6 - 0 3 
- 2 . 4 4 9 6 8 1 5 E - 0 3 
- 2 . 5 1 0 4 7 8 3 E - 0 3 
- 2 . 4 6 4 4 5 0 7 E - 0 3 
- 2 . 3 6 3 8 5 6 1 E - 0 3 
- 2 . 1 8 a 8 0 5 9 E - 0 3 
- 1 . 3 5 4 4 4 1 5 E - 0 3 
- 1 . 1 7 8 4 4 8 5 E - 0 3 
- 1 . 6 5 8 9 1 3 1 E - 0 3 
- 1 . 6 1 0 7 3 3 2 6 - 0 3 
- 1 . 4 7 5 4 7 0 9 6 - 0 3 
- 1 . 3 6 0 5 6 1 9 6 - 0 3 
- 1 . 2 8 8 8 0 3 9 6 - 0 3 
- 1 . 2 1 3 7 4 3 5 6 - 0 3 
- 1 . 1 4 8 8 0 5 5 6 - 0 3 
- 1 . 1 3 7 1 3 3 7 6 - 3 3 
- 9 . 9 8 2 7 1 4 1 E - 0 4 
-6 .9Q4a438E-a4 
- 6 . 0 9 9 8 7 9 7 E - 0 4 
- 6 . 2 2 4 a 6 9 9 E - 0 4 
7 . 8 9 6 1 4 7 0 6 - 0 9 
8 . 7 4 1 5 6 8 5 6 - 0 9 
9 . 7 4 2 9 8 5 4 6 - 0 9 
1 . 0 9 2 9 6 0 6 6 - 0 8 
1 . 2 3 3 4 7 1 3 E - 0 8 
1 . 4 0 3 0 5 2 7 6 - 0 6 
1 . 5 9 7 7 2 6 0 6 - 0 8 
1 . 8 3 2 6 4 5 0 6 - 0 8 
2 . 1 1 2 4 7 5 4 E - 0 8 
2 . 4 4 6 6 6 7 8 E - 0 6 
2 . 8 6 6 8 1 5 0 6 - 0 8 
3 . 3 9 5 7 1 4 3 6 - 0 8 
4 . 0 5 9 3 7 5 3 6 - 0 8 
4 . 8 9 4 1 3 1 9 6 - 0 8 
5 . 9 4 9 0 2 7 6 E - 0 8 
7 . 2 9 2 4 8 1 9 E - 0 8 
9 . 0 1 5 1 1 3 8 6 - 0 8 
1 . 1 2 2 5 0 0 6 E - 0 7 
1 . 4 0 7 1 9 6 3 6 - 0 7 
1 . 7 7 4 7 3 9 0 6 - 0 7 
2 . 3 5 0 3 0 3 6 6 - 0 7 
3 . 2 4 4 7 6 4 8 E - 0 7 
4 . 6 1 5 2 4 4 2 E - 0 7 
6 . 6 6 8 6 3 3 1 6 - 0 7 
9 . 6 8 0 7 8 2 4 6 - 0 7 
1 . 3 9 9 3 7 6 0 6 - 0 6 
2 . 0 0 2 9 4 3 1 6 - 0 6 
2 . 7 8 6 7 1 5 5 E - 0 6 
3 . 7 8 9 4 5 1 0 6 - 0 6 
5 . 0 6 2 3 1 8 3 E - 0 6 
6 . 6 6 7 4 3 8 7 6 - 0 6 
8 . 6 6 9 5 8 8 8 E - 0 6 
1 . 1 1 4 6 0 6 0 6 - 0 5 
1 . 4 1 8 2 9 6 0 6 - 0 5 
1 . 7 8 6 9 8 4 2 6 - 0 5 
2 . 2 2 9 7 6 8 3 6 - 0 5 
2 . 7 5 2 8 7 3 2 6 - 0 5 
3 . 3 6 5 0 0 6 5 6 - 0 5 
4 . 0 8 2 3 4 2 1 E - 0 5 
4 . 9 1 7 4 9 3 2 E - 0 5 
5 . a 8 4 7 0 1 4 E - 0 5 
6 . 9 9 9 2 0 3 5 E - 0 5 
8 .27 83757E-05 
9 . 7 4 3 6 2 7 6 E - 0 5 
1 . 1 4 3 5 8 9 8 6 - 0 4 
1 . 3 2 9 4 7 2 8 6 - 0 4 
1 .54260 326 -0 4 
1 . 7 8 1 3 9 6 8 6 - 0 4 
2 . 0 4 7 7 5 6 1 6 - 0 4 
1 . 3 4 0 5 4 7 7 E - 0 1 
1 . 3 9 1 2 6 0 9 6 - 0 1 
1 . 4 3 6 3 8 9 1 6 - 0 1 
1 . 4 8 1 9 2 1 5 6 - 0 1 
1 . 5 2 3 7 6 2 1 E - 0 1 
1 . 5 6 3 9 1 4 1 E - 0 1 
1 . 6 0 0 9 7 7 4 6 - 0 1 
1 . 6 3 4 9 9 6 1 6 - 0 1 
1 . 6 6 3 9 4 7 6 6 - 0 1 
1 . 6 8 9 6 0 4 4 6 - 0 1 
1 . 7 0 6 4 7 2 7 6 - 0 1 
1 . 7 2 6 8 6 5 4 6 - 0 1 
1 . 7 4 8 5 3 0 5 6 - 0 1 
1 . 7 6 2 3 7 0 3 6 - 0 1 
1 . 7 6 9 3 6 8 1 6 - 0 1 
1 . 7 5 6 3 8 1 4 6 - 0 1 
1 . 7 4 6 9 2 7 5 6 - 0 1 
1 . 7 3 1 4 7 8 9 6 - 0 1 
1 . 7 1 0 7 0 5 3 6 - 0 1 
1 . 6 8 7 9 3 8 0 6 - 0 1 
1 . 6 5 8 6 6 0 6 6 - 0 1 
1 . 6 4 1 6 8 3 2 6 - 0 1 
1 . 6 5 3 0 3 3 6 6 - 1 1 
1 . 6 6 3 4 3 5 8 6 - 0 1 
1 . 6 5 6 5 0 9 7 6 - 0 1 
1 . 6 5 3 1 9 5 3 6 - 0 1 
1 . 6 7 4 2 4 3 8 6 - 0 1 
1 . 7 1 7 9 3 1 4 6 - 0 1 
1 . 7 5 8 9 6 0 1 6 - 0 1 
1 . 7 8 8 2 5 0 0 6 - 0 1 
1 . 8 1 8 8 7 9 2 6 - 0 1 
1 . 8 4 7 1 2 7 6 6 - 0 1 
1 . 6 6 9 3 4 6 1 6 - 0 1 
1 . 6 9 5 8 5 7 0 6 - 0 1 
1 . 9 1 8 4 8 4 8 6 - 8 1 
1 . 9 5 0 4 2 0 8 6 - 0 1 
2 . 0 0 8 2 5 6 6 6 - 0 1 
2 . 0 4 2 4 1 3 8 6 - 0 1 
2 . 0 7 5 1 0 6 0 6 - 0 1 
2 . 1 0 8 1 3 1 8 6 - 0 1 
2 . 1 4 3 9 0 4 8 6 - 0 1 
2 . 1 7 9 0 9 2 1 6 - 0 1 
2 . 2 1 5 3 8 8 7 6 - 0 1 
2 . 2 5 1 3 9 6 0 6 - 0 1 
2 . 2 8 8 3 5 7 8 6 - 0 1 
2 . 3 2 2 6 7 5 9 6 - 0 1 
2 . 3 6 5 0 6 0 9 6 - 0 1 
2 . 4 1 3 4 4 3 6 6 - 0 1 
2 . 4 5 8 9 6 8 3 6 - 0 1 
6N0 OF THIS PROBLEM 
(3) Example 3 - This problem is for the solution of the boundary layer equations along a hyperboloid with 
ablation of a carbon surface. The radius of curvature at the stagnation point is 1-inch and the asymptotic 
half-angle is 10 , The gas model for this case is a carbon-air mixture with 26 homogeneous reactions and 
with the chemical species 0-, N„, 0, N, NO, NO , CO, C0„, C., C„, C_ and CN. The surface is assumed to be at 
a temperature of 3000 K and constant along the body. The oxidation probabilities are assumed equal to one 
and the resulting mass transfer calculated in the program will be a maxinium. The first estimate for the 
initial profiles was obtained from a previous solution and the iteration on the initial profiles was stopped 
after 50 iterations. The solution is close to a converged result. It should be noticed that a large value 
of r\ is used and in the outer part of the boundary layer some c. are zero when others nearby are very small. 
If any c. < 0, it is set to zero which explains why these occur. The step-size across the layer is too large 
and a slight instability occurs; however, this has only a small effect on the results. Central processing 
time for this solution on a CDC 6600 computer was 8 minutes, 25 seconds. 
112 
TITLE 150K BOUNDARY LAYER 20KFPS ' CARBON CXinATION 
LIMTS 28 12 26 21 ,000200 1,000000 
SPNAi02""""NT 0 N" • "NO"" NO-t̂  CO C02 CI C2 C3 CN EL Ml M2 
SPNA2M3 M4 M5 M$ M7 M8 
C"0"N"fR "ZO' 1 ' i 50 11.0001,0001.000 6 1.0000 1,0000 




























































































































































































































































































































































































































































































































































































. p ,44 '^5480 
.R ,4 iK5480 
• 1 0 , 7 1 8 1 7 0 
.10,PROP'^6 
- 9 , - ' n l 5 8 7 
- 1 0 , 3 3 4 
- 1 0 . 5 P ^ 
- 1 0 . 6 2 0 
- 1 0 , 6 2 0 3 0 6 
• 1 0 , 3 5 8 8 2 8 
.o,4R6?034 
.9,4862934 
- 1 0 , 7 5 1 7 4 5 
. l o , P 8 ^ 9 2 R 
• 1 0 , 0 1 5 0 0 4 
- 1 0 . 7 7 5 
- 1 0 . 6 1 9 
- 1 0 , 6 7 9 
• 1 1 , 8 0 1 3 4 ? 
• 10 ,7650 '= ; 
• 1 0 , 7 6 5 9 3 5 
•10,7C77O0 
. l o , ^ R l 4 5 P 
• 1 1 , 1 ^ 7 0 1 ? 
- 1 0 , 3 6 4 
- 1 0 . 2 8 8 
- 1 0 . 7 3 0 
• 1 0 . 3 5 8 8 2 8 
.10, '>58B2P 
• i n , ' ; 2 P 5 6 2 
• 1 0 , 6 ^ 9 4 0 3 
.11 .1RP052 
- 1 0 . 3 8 1 



















































, 0 0 0 0 0 0 0 
0 , 0 0 0 0 0 0 0 












CN - N O T O 1 . 8 3 3 3 3 3 3 
NO+NO ,0039930 1,5589336 -1 
'CO"N"6'""ro"i7"91"5"5" r,"5"605"908-i 
C02N0 ,0179054 1,5007142-1 
CI "NO' ,6l"95"45"8-""l,'4285i25-
C2-N0 0,0 1,8333333 
C3-N6 ?!75 1,833333T"""'" 
CN-NO 0,0 1,8333333 
"C"6"N"6"+" -,bdo(56i9 i,9o6o299-l 
C02NP -,0000075 1,9001235-1 
157-1 C1N0+ -,0000123 1,9002 




CNNO+ _ 0,0__ 
"COc6"2"""ro"r7'9"l"i7" "l, 5006043-1 
CI.CO ,0094772 1,6372346-1 
C2-C0' '""o",0' "" i",8333333 


















VC 02. ,0380580 
VC N2 ,0482203 
VC 0 •0184896 
VC N •668399"5 
VC NO •0425 
VCNO+ •04'2 5" 
-VCCn-i 03247 
VCC02-»05772 
VC CI -,00511 
VC C2 -,6272"9" 
._VC.C3..-,-Q 

































































































































+ 18 59 
+17113 
+22113 






















































































































































































































































































































































































3 . 1 0 + 0 2 1 5 . 5 9 1.75 
1 .80+07 8 . 7 5 1.25 
5 . 2 0 + 0 5 1 4 . 3 0 
2 . 0 0 + 0 6 6 . 9 7 
1 .00+10 . 0 
1 .00+16 . 0 
5 . 0 0 + 1 1 , 0 
3 . 8 0 + 1 3 3 5 . 2 
5 . 0 0 + U 2 . 0 1 
5 . 0 0 + 1 1 2 . 0 1 
5 . 0 0 + 1 1 3 , 0 2 




















































































































































































































• 0 1 5 
• 0 1 5 
• 0 1 5 
•_0.1_4 
• 0 1 7 















































































































































































































E + 041 



























• 0 4 5 . 
• 0 4 5 . 
• 0 4 6 . 
• 0 4 8 . 
• 0 3 2 . 
• 0 2 2 . 
• 0 2 9 . 
• 0 1 2 . 
• 0 1 2 . 
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RN = .083333333 VINE 
RS = .083333333 PINF 
DELTA =0.000000000 TKINF 
TKH = 3000.0000 
E 0 = l.OODO 






















1.83333E + 00 -1.067gOE-t^01 
1.91192E+00 -1.18913E+01 
1.47502E+00 -1.0265gE*01 
















- _. . - .. 
-- - -
... — _ __ — 
.. ,, 
— • - " 
-' ~ ' ~ 
• • • 
- — • - -




COMPUTE INITIAL PROFILE 
HYPERBOLOID 
CON LEMIS NOS. 
- - -
- - - - _ — — ,_ 
- -
.. - — 






































0 2 - N 
C3 -N 





C 2 - N 0 










C 2 - C 0 
C 3 - C 0 
CN-CO 
C 1 C 0 2 
C 2 C 0 2 
C3C0Z 
CNC02 
C 2 - C 1 
C 3 - C 1 
C N - C l 
C 3 - C 2 
CN-C2 
CN-C3 




3 . 9 9 3 0 0 E -
1 . 7 9 1 2 5 E -
i . 7 9 0 5 4 E -




- i . g o o o o E -
- 7 . 5 0 0 0 0 E -




1 . 7 9 1 1 7 E -
















• 0 2 
• 0 2 







1 . 7 9 0 5 9 E * 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E » 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 5 6 8 9 3 E + 0 0 
1 . 5 0 0 5 g E + 0 0 
1 . 5 0 0 7 1 E + D 0 
1 . 4 2 8 5 1 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
i . g o o a 3 E + o o 
1 . 9 0 0 1 2 E + 0 0 




1 . 5 0 0 6 0 E + 0 0 
1 . 6 3 7 2 3 E + 0 0 
1 . 8 3 3 3 3 E + a 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 6 3 3 6 6 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
1 . 8 3 3 3 3 E + 0 0 
- 1 . 1 1 8 8 1 E + 0 1 
- 1 . 0 3 8 1 0 E + 0 1 
- 1 . 0 2 8 2 0 E + 0 1 
- 1 . 0 3 4 0 0 E + 0 1 
- 1 . 1 4 I . 1 5 E + 01 
- 1 . 0 7 3 8 5 E * 0 1 
- 1 . 0 S l S 6 6 E t 0 1 ~ ' 
- g . 9 ^ 2 ^ 7 E • ^ 0 0 
- 1 . 0 6 8 9 0 E + 0 1 
- i . 0 5 g g o E + o i 
- 1 . 0 6 4 f 0 E * 0 1 
- 1 . 3 3 3 4 3 E t 0 1 
- 1 . 3 4 3 8 8 E * 0 i 




- 1 . 0 8 5 5 0 E + 0 1 
- 1 . 0 8 7 8 8 E + 0 1 
- 1 . 0 7 2 6 0 E + 0 1 
- 1 . 0 6 1 9 0 E + 0 1 
- 1 . 0 6 7 9 0 E + 0 1 
- 1 . 0 g 7 1 1 E + 0 1 
- 1 . 0 g 9 2 0 E + 0 1 
- 1 . O 8 6 7 0 E + 0 1 
- 1 . 0 9 3 7 0 E + 0 1 
- 1 . 0 4 0 6 0 E + 0 1 
- 1 . 0 2 7 9 0 E + 0 1 
- 1 . 0 3 5 7 0 E - f 0 1 
- 1 . 0 6 8 3 0 E + 0 1 
- 1 . 0 7 7 2 0 E + 0 1 

















1 . 6 6 1 0 0 E + 0 8 
3 . 6 i g o a E + 0 8 
3 . 2 2 5 0 0 E + 0 7 
3 . 5 3 4 1 0 E + 0 8 
- 4 . 3 7 6 0 0 E + 0 7 
- 9 . 6 2 1 0 0 E + 0 7 
6 . 3 6 2 f l 0 E + 0 8 
3 . 7 1 8 a O E t 0 8 
2 . 4 2 6 0 0 E + 0 8 
1 . 7 8 7 0 0 E + 0 8 
FLEJ 
1.40000E4'aO 
1 . 4 0 0 0 0 E + 0 0 
1 . 4 0 0 0 0 E t O O 
1 . 4 0 0 0 D E + 0 0 
1.l.OOOOE+00 
1 . 4 0 0 0 0 E + 0 0 
1 . 4 0 0 0 0 E + 0 0 
1 . 4 0 0 0 0 E + a O 
1 .40000E+aO 
i . 4 o a o a E + a o 
1 . 4 0 0 0 0 E + 0 0 
i . 4 o o a o E + a o 
FMOLHT 
3 . 2 0 0 0 0 E + 0 1 
2 . 8 0 1 6 0 E + 0 1 
1 . 6 0 0 0 0 E t 0 1 
1 . 4 0 0 8 0 E + 0 1 
3 . o a o 8 a E + o i 
3 . 0 0 0 8 0 E + 0 1 
2 . 8 a i l O E + 0 1 
4 . 4 Q 1 1 0 E + 0 1 
1 . 2 0 1 1 0 E + 0 1 
2 . 4 0 220E+01 
3 . 6 0 3 3 0 E t 0 1 
2 . 6 0 210E+01 
AHU 
3 . 8 9 6 8 0 E -
4 . 8 2 2 0 3 E -
1 . 8 4 8 g 6 E -
8 . 3 9 g 5 0 E -
4 . 2 5 0 0 0 E -
4 . 2 5 0 0 0 E -
- 3 . 2 4 2 0 0 E -
- 5 . 7 7 2 0 0 E -
- 6 . 1 1 0 0 0 E -
- 2 . 7 2 g 0 0 E -
0 . 













9 . 4 1 7 6 0 E - 0 3 
- 2 . 0 3 5 1 5 E - 0 2 
4 . 5 5 8 1 1 E - 0 1 
6 . 4 9 1 7 8 E - 0 1 
- 1 . 8 8 7 0 a E - 0 2 
- 1 . 8 8 7 0 0 E - 0 2 
1 . 1 4 3 4 0 E + 0 0 
1 .54290E+0D 
7 . 3 8 5 0 0 E - 0 1 
1 . 0 6 3 9 0 E + 0 0 
8 . 3 3 3 0 0 E - 0 1 
1 .03950E+QO 
CMU 
- g . 5 5 0 2 4 E + 0 0 
- 9 . g 9 1 5 9 E + 0 0 
- 1 . 1 6 9 2 7 E + 0 1 
- 1 . 2 5 9 2 1 E + 0 1 
- 9 . 6 2 0 0 0 E + 0 0 
- 9 . 6 2 0 0 0 E + 0 0 
- 1 . 4 1 7 0 0 E + 0 1 
- 1 . 5 7 6 0 0 E + 0 1 
- 1 . 2 7 1 0 0 E + 0 1 
- 1 . I . 0 3 0 0 E + 01 
- 1 . 3 5 1 & 0 E + 0 1 










































C 0 2 
N2 
CO 




































































































3 . 6 1 0 E + 1 8 
l . g 2 0 E + 1 7 
4 . 1 5 0 E + 2 2 
3 . g 7 0 E + 2 a 
1 . 2 0 0 E + H 
8 . 5 0 0 E + i g 
4 . 5 0 0 E + l d 
1 . 6 0 0 E + 1 6 
5 . 2 0 0 E + 1 9 
3 . 1 8 0 E + 0 9 
6 . 7 5 0 E + 1 3 
2 .OOOE+10 
2 . 0 0 0 E + 1 0 
3 . 0 0 0 E + 0 8 
l . O O O E + 0 3 
l . O O O E + 0 3 
3 . 0 0 0 E + 0 8 
l . O O O E + 0 3 
2 . 0 0 0 E + 1 D 
9 . 0 0 0 E + 1 6 
l . O O O E + 1 2 
9 . 2 0 0 E + 1 1 
4 . 1 0 0 E + 1 Q 
1 . 2 0 0 E + 1 3 
1 . 7 0 0 E + 0 9 
9 . 0 3 0 E t O g 
ct 
5 9 . 4 0 
1 1 3 . 1 0 
1 1 3 . 1 0 
7 5 . 6 0 
3 6 . 8 5 
1 2 9 . 0 0 
7 0 . 9 3 
3 7 . 4 8 
9 4 . 1 4 
1 9 . 7 0 
3 7 . 5 0 
3 1 . 5 6 
4 5 . 8 0 
4 9 . 5 6 
9 2 . 0 1 
2 0 . 9 8 
1 8 . 2 1 
7 2 . 3 9 
6 9 . 5 0 
5 3 . 2 0 
1 4 . 5 0 
1 6 3 . 3 0 
5 9 . 7 9 
4 3 . 2 4 
1 9 . 5 8 
3 2 . 4 0 
C2 
- 1 . 0 0 
- . 5 0 
- 1 . 5 0 
- 1 . 5 0 
. 5 0 
- 1 . 0 0 
- 1 . 0 0 
1 . 0 0 
- 1 . 0 0 
1 . 0 0 
0 . 0 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 
2 . 0 0 
2 . 0 0 
1 . 0 0 
2 . 0 0 
1 . 0 0 
- 1 . 0 0 
0 . 0 0 
. 7 5 
. 5 0 
0 . 0 0 
1 . 5 0 
. 5 0 
DO 
3 . 0 1 0 E + 1 5 
1 . 0 9 0 E + 1 6 
2 . 3 2 0 E + 2 1 
l . O l O E + 2 0 
1 . 5 0 0 E + 0 6 
2 . 4 0 0 E + 1 8 
l . O O O E + 1 6 
l . O O O E + 1 6 
7 . 4 0 0 E + 1 8 
9 . 6 3 0 E + 1 1 
1 . 5 0 0 E t l 3 
7 . 7 0 0 E + 0 9 
2 . 7 0 0 E + 1 0 
6 . 7 0 0 E + 0 5 
3 . 1 0 0 E + 0 2 
1 . 8 0 0 E + 0 7 
5 . 2 0 0 E + 0 5 
Z . O O O E + 0 6 
l . O O O E + 1 0 
l . O O O E + 1 6 
6 . 0 0 0 E + 1 1 
3 . 8 0 0 E + 1 3 
5 . 0 0 0 E + 1 1 
5 . 0 0 0 E + 1 1 
5 . 0 0 0 E + 1 1 
1 . 8 0 0 E + i g 
0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
- 2 6 . 4 0 
0 . 0 0 
0 . 0 0 
0 . 00 
4 . 1 2 
3 . 6 0 
0 . 0 0 
8 . 3 3 
7 . 1 0 
6 . 9 6 
1 5 . 5 9 
8 . 7 5 
1 4 . 3 0 
6 . 9 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 6 . 2 0 
2 . 0 1 
2 . 0 1 
3 . 0 2 
0 . 0 0 
D2 
- . 5 0 
- . 5 0 
- 1 . 5 0 
- 1 . 5 0 
1 .25 
- 1 . 0 0 
- . 5 0 
- . 5 0 
- 1 . 0 0 
. 5 0 
0 . 0 0 
1.00 







- 1 . 0 0 
0 .00 
0 . 0 0 
. 5 0 
. 5 0 
. 5 0 






1 . 0 0 
l.OU 
1 . 0 0 














1 . 0 0 
1 . 0 0 




2 . 0 0 
2 . 0 0 
2 . 0 0 
2 . 0 0 
2 . 0 0 
2 . 0 0 
2 . 0 0 
2 . 0 0 




1 . 0 0 










1 . 0 0 
1 . 0 0 
1.00 
STOICHIOMETRIC COEF. 














































1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
16 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
1 . 00 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
2 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
17 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 00 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0. 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 
0 . 0 0 
1 .00 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
18 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
2 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 00 
0 . 0 0 
o.oo 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 00 
0 . 0 0 
4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
19 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 00 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 0 0 
9 . 0 0 
9 . 0 0 
0 . 0 0 
5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
0 . 0 0 
20 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
9 . 9 9 
0 . 0 0 
6 
0 . 0 0 
0 . 9 0 
9 . 0 0 
0 . 0 9 
0 . 9 0 
0 . 0 0 
1 .00 
0 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 9 0 
9 . 0 0 
0 . 0 0 
1 .00 
O.OD 
0 . 0 0 
0 . 0 0 
2 1 
0 . 9 0 
0 . 0 0 
1 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 9 9 
0 . 9 0 
0 . 0 0 
0 . 0 0 
1 .00 
9 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 0 
7 
0 . 0 0 
0 . 0 0 
0 . 0 9 
9 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
22 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
2 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
9 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
o.ou 
1 . 0 0 
0 . 0 0 
23 
0 . 0 0 
TI.OO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 .00 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 0 9 
0 . DO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 9 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 .00 
24 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 9 
1 . 90 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
0 . 00 
0 . 0 0 
10 
0 . 0 0 
0 . 0 9 
1 . 9 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0".OU 
0 . 0 0 
0 . 0 0 
25 
0 . 0 0 
O.Off" ' 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
o.oo 1 .00 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
11 
0 . 0 0 
1 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
0 . 9 0 
9 . 0 0 
ff.OO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
TI.TIO 
0 . 0 0 
0 . 0 0 
26 
0 . 0 0 
o . o i r 
1 . 0 0 
1 . 0 0 
0 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
12 
0 . Off 
1 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 00 
0 . 0 0 
1 . 0 0 
0 . 00 
0 . 0 0 
0 . 00 
o.uo 9 . 00 
0 . 9 0 
0 . 0 0 
0 . 00 
0 . 0 0 
u. ur 0 . 00 




v.vrr 0 . 0 0 
o.oo 
1 .00 
0 . 0 0 
0 . 0 0 
l . O D 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
D. i ro 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
uroTT 







0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
TT . in r ^ 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
u.ou 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
"O.OD 
0 . 0 0 




0 . 0 0 
0 . 0 0 
o.oo 
0 . 0 0 
l . O D 
0 . 0 0 
0 . 0 0 
0 . 0 0 
o.oo 
0 . 0 0 
O.OD 
0 . 0 0 
0 . 0 0 
0 . 0 0 
OVOT -
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 " 
- -
-' 















































0 . 0 0 
0 . 0 0 
2 . 0 0 
0 . 00 
9 . 00 
0 . 0 0 
9 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . DO 
0 . 0 0 
0 . 00 
0 . 0 0 
16 
0 . 0 0 
9 . 00 
9 . 0 0 
1 . 0 0 
O.OD 
0 . 0 0 
0 . 0 9 
1 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
2 
0 . 0 0 
o.oo 
0 . 0 0 
2 . 0 0 
0 . 0 0 




0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
I . 0 0 
0 . 0 0 
0. 00 
0 . DO 
0 . 00 
0 . 0 0 
0 . 0 0 
17 
1 .00 
9 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0. 00 
1 .00 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
O.DO 
0 . 9 0 
0 . 0 0 
3 
0 . 0 0 
0 . 0 0 
D.OO 
3 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
0 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
18 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 




0 . 0 0 
D.OO 
0 . 0 0 
O.DO 
D.OO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 0 
4 
Q.OO 
0 . 0 0 
1 .00 
1 .00 
0 . 0 9 
0 . 0 0 
O.DO 
0 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
O.OD 
D.OO 
3 . 0 0 
0 . 0 0 
1 .09 
0 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
19 
1 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 00 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
D.OO 
0 . 0 0 
9 . 0 0 
5 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
l . O D 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
20 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
O.OD 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
0 . 0 0 
D.OO 
0 . 0 0 
0 . 0 0 
O.DO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
BACKWARD - CBETA(NR, 
6 
0 . 0 0 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 .00 
9 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 0 
D.OO 
0 . 0 0 
0 . 0 0 
9 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
O.OD 
21 
0 . 9 0 
0 . 0 0 
0 . 9 0 
0 . 0 0 
l .OD 
O.OD 
0 . 0 0 
0 . 9 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
2 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
9 . 0 0 
9 . 0 0 
22 
1 . 9 0 
0 . 0 0 
0 . 9 0 
0 . 0 0 
9 . 9 9 
0 . 0 0 
0 . 0 0 
D.OO 
0 . 0 0 
1 . 0 0 
0 . 9 0 
9 . 9 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
8 
0 . 0 0 
0 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
0 . 9 0 
0 . 0 0 
9 . 0 0 
1 .99 
1 .00 
0 . 0 9 
9 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 9 
0 . 0 0 
O.OD 
1 .00 
0 . 9 0 
23 
0 . 0 9 
0 . 0 0 
1 .00 
O.OD 
0 . 0 0 
9 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
1 .00 
0 . 0 9 
9 . 9 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
Q.OO 
0 . 0 0 
0 . 0 0 
0 . 0 0 




0 . 0 0 
0 .00 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 .00 
0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
D.DD 
0 . 0 0 
1 . 0 0 
24 
0 . 00 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 9 0 
0 . 0 0 
0 . 00 
0 .00 
0 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
10 
l . O D 
0 . 0 0 
0 . 0 0 
1 .00 
O.OD 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
O.DO 
0 . 0 0 
0 . 0 0 
O.DO 
0 . 0 0 
O.DO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 9 
25 
9 . 0 0 
O.OO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
O.OD 
0 . 0 0 
D.OO 
2 . 0 0 
O.OD 
0 . 9 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 0 
O.DO 
0 . 0 0 




0 . 00 
0 . 0 0 
1 . 0 0 
1 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
26 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
1 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 0 
1 .00 
0 . 0 0 
O.DO 
O.OD 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
12 
0 . 0 0 
0 . 00 
0 . 00 
1 . 00 
0 . 00 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . DO 
9 . 0 0 
0 . 00 
1 . 00 
0 . 00 
0 . 00 
0 . 0 0 
0 . 00 
0 . 0 0 
0 . 9 0 
0 . 00 
0 . 0 0 
9 . 0 0 
13 
0 . 0 0 
9 . 0 0 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.DO 
0 . 0 0 
D.OO 
1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
O.OD 
O.DO 
0 . 0 0 




1 . 0 0 
0 . 0 0 
0 . 0 0 
o.oo 
O.OD 
0 . 0 0 
0 . 0 0 
D.OO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 







0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
o.oo 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
or. DO 
0 . 0 0 

















0 . 0 0 0 0 
9 . 0 0 0 0 
1 . 0 9 0 0 
1 . 0 0 0 0 
2 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 9 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
2 
0 . 0 0 0 0 
2 . 0 0 0 0 
2 . 5 0 0 0 
l .ODOD 
2 . 0 0 0 0 
l.OODO 
1 . 0 0 0 0 
1 . 0 0 0 0 
l .OODO 
3 
0 . 0 0 0 0 
2 5 . 0 0 0 0 
1 . 9 9 0 0 
2 0 . 0 0 0 0 
2 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
4 
O.OQOD 
1 . 0 0 0 0 
9 . 9 0 0 0 
2 0 . 0 9 9 0 
2 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
l .ODOD 
5 
0 . 0 0 0 0 
1 . 0 0 0 0 
1 . 9 9 9 9 
2 0 . 0 0 0 0 
2 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 0 0 






































5 0 0 9 0 E + 0 1 
T-WALL 
3 . 0 0 D 0 0 E + 0 3 
3 . 0 0 0 0 0 E + 0 3 
3 . 0 0 0 0 D E + 9 3 
3 . 0 9 0 0 0 E + a 3 
3 .000DOE+03 
3 .DO000E+03 
3 . 0 0 0 D 0 E + 0 3 
3 . 0 0 0 0 D E + 0 3 
3 . 0 0 0 a D E + 0 3 
3 .000DDE+03 
3 . 0 0 0 a D E + D 3 





5 . 6 D 0 0 0 E -
4 . 2 5 0 0 0 E -
3 . 4 0 0 0 0 E -
2 .6DD00E-
2 . 1 0 0 0 0 E -
1 . 3 1 0 0 0 E -
7 . 5 0 0 0 0 E -
4 .850DOE-














1 . 5 9 9 0 D E + a i 
1 .50DDDE+01 
1 . 5 0 D 0 0 E + 0 1 
1 . 5 0 0 D 0 E + 0 1 
1 . 5 D 0 0 D E + 0 1 
1 . 5 0 0 0 0 E + 0 1 
1 . 5 0 D D 0 E + 0 1 
1 . 5 0 0 0 0 E + g i 
1 .59DOOE+01 
1 . 5 0 0 0 0 E + D 1 
1 . 5 0 0 0 a E + 0 1 
1 . 5 0 0 D 0 E + D 1 
ro 
• 





















0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 000 
0 0 0 0 
































1 . 0 0 0 0 
1 .0000 
1 . 0 0 0 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
i.uoinr 
1 . 0 0 0 0 



















1 . 0 0 0 0 






NORM SH PRESS = 1.0000 
NORM SH TEMP = 1.0000 
NORM SH VEL = 1.0000 
X = 
OELT X = 
0.00 .10 .50 1.00 3.00 6.00 12.00 26.00 50.00 21*0.00 





































2 . 2 6 6 7 E - 0 2 
3 . 8 0 0 0 t - 0 2 
5 . 6 0 0 0 E - 0 2 
7 . 6 6 6 7 E - 0 2 
l .OOOOE-01 
1 . 2 6 0 0 E - 0 1 
1 . 5 ' * 0 7 E - 0 1 
1 . 8 i » 2 2 E - 0 1 
2.16«»'»E-D1 
2 . 5 D 7 3 E - 0 1 
2 . 8 7 0 9 E - 0 1 
3 . 2 5 5 3 t - 0 1 
3 . 6 6 0 ' « E - 0 1 
< . . 0 8 6 2 E - 0 1 
i » . 5 3 2 7 E - 0 1 
5 . 0 0 0 0 E - 0 1 
5 . < » 8 8 0 E - 0 1 
e . O S l i t E - O l 
6 . 6 9 0 3 E - 0 1 
7 . ' . 0 l . 6 E - 0 1 
8 . 1 9 ' » 3 £ - 0 1 
9 . 0 5 9 ' t E - O l 
LOOOQE + OO 
1 . 1 0 1 6 E + 0 0 
1 . 2 1 5 0 E + 0 0 
1 . 3 ' f 0 3 E + 00 
l.<.77<»E + 00 
1 . 6 2 6 3 E + 0 0 
1 . 7 8 7 1 E + 0 0 





1 . 2 6 2 6 E + 0'» 
1 . 2 6 0 3 E + D1* 
1 . 2 5 6 6 E + 0 i t 
1 . 2 5 1 1 E + 0<« 
1.2'*33E<-0'. 
1 . 2 3 2 8 E + 0 ' 4 
1 . 2 1 9 6 E + 0 ' . 
1 . 2 0 3 ' t E + Di» 
1 .18 '» lE+0'» 
1 . 1 6 1 6 E + D ' . 
1 .1361E+0<« 
1 . 1 0 7 3 E + a ' f 
1.0761E*-0<» 
1.0<»2itE+0<f 
1 . 0 0 6 6 E t O ' . 
9 . 6 g 3 9 E + 0 3 
g . 2 7 0 0 E « - 0 3 
8 . 8 0 5 i » E + 0 3 
8 .311<»E+03 
7 . 8 0 2 1 E + 0 3 
7 . 2 7 3 2 E + 0 3 
6 . 7 5 7 9 E t 0 3 
6 . 2 5 0 7 E * 0 3 
5 . 7 5 8 8 E + 0 3 
5 . 2 8 1 8 E t 0 3 
<4.83'»'»E+03 
i» . ' t lg i»E+03 
' . . 0 3 6 5 E * 0 3 
3 . 6 8 9 9 E + 0 3 
VA 
0 . 
1 . 3 3 0 7 E t Q 2 
3 . 0 1 6 3 E + 0 2 
5 . 0 5 6 7 E + 0 2 
7 . l t 5 1 9 E t 0 2 
1 . 0 2 0 2 E + 0 3 
1 . 3 3 0 7 E + 0 3 
1 . 6 ' » 3 1 E * 0 3 
1 . 9 9 1 7 E * 0 3 
2 . 3 5 6 6 E + 0 3 
2 . 7 3 9 9 E + 0 3 
3 . 1 < » 1 2 E t 0 3 
3 . 5 5 7 1 E + 0 3 
3 . 9 8 6 3 E + 0 3 
' • . ' •2 t»6E+03 
i * . 8 6 7 3 E + 0 3 
5 . 3 1 i » ' » E t 0 3 
5 . 7 6 2 6 E + 0 3 
b . 2 0 8 2 E + 0 3 
6 . 6 9 b 3 E « - 0 3 
7 . 2 1 ' » l E + 0 3 
7 . 7 5 1 5 E * 0 3 
8 . 2 9 7 5 E + 0 3 
8 . 8 5 0 1 E + a 3 
9 . 3 9 2 3 E + 0 3 
9 . 9 2 3 1 E + 0 3 
1 . 0 i » 5 0 E * 0 ' t 
1 . 0 9 6 7 E + 0 I * 
l . l ' »66E4-0 '4 
1 . 1 9 ' » 2 E + 0i. 
1 .2392E<-0'» 
1 . 2 8 1 2 E + 0 I * 
TA 
1.2632E<-0'» 
1 . 2 6 2 6 E + 0 ' * 
1 . 2 6 1 2 E + 0i» 
1 .2589EtO<» 
1 .2568EtO"» 
1 . 2 5 i * 8 E + 0'* 
1 . 2 5 3 0 E + 0 I * 
1 .251' fE+Oit 
l , 2 < t 9 0 E 4 0 i t 
1 . 2 ' . 6 1 E + 0 i . 
1 . 2 ' . 2 7 E + 0'. 
1 . 2 3 8 9 E t O i » 
1.23<»i»E + 0'» 
1 . 2 2 9 2 E * 0 ' « 
1 . 2 2 3 2 E + 0'* 
1 .2165E<-0l» 
1 . 2 0 8 9 E + 0'* 
1 . 2 0 0 7 E + 0 ' * 
1 . 1 9 1 7 E + 0'* 
1 . 1 8 1 1 E + 0 ' t 
1 .1687EtO<» 
1.15<»8E4-0i» 
1 . 1 3 9 3 E 4 0 ' t 
1 .121'«E+0i» 
1 . 1 0 3 7 E + 0'* 
1 . 0 8 3 9 E t O i » 
1 . 0 6 2 9 E 4 0 ' * 
1.0<«01E<-01> 
1 . 0 1 6 0 E * 0 ' » 
9 . 9 0 9 i « E + 0 3 
9 . 6 ' » 5 2 E t 0 3 
9 . 3 6 8 0 E + D 3 
0 2 
5 .7 i»5i»E-•ai* 
5 . 7 1 7 ' J E - O ' . 
5 . 6 W 1 7 E -
5 . 5 3 0 9 E -
5 . 5 7 8 6 E -
5 . 5 2 6 6 E -
5 . 5 7 2 7 E -
5 . 6 1 6 7 E -
5 . 6 0 6 0 E -









5 . 6 2 7 5 E - 0 I . 
5 . 6 7 0 1 E - •01» 
5 . 7 2 3 2 E - D i » 
5 . 7 9 2 7 E -
5 . 8 5 6 7 E -
5 . 9 3 9 2 E -
6 . 0 3 9 7 E -
6 . 1 7 0 7 E -
6 . 3 1 ' » 6 E -
6 . 5 0 1 5 E -
6 . 7 5 3 2 E -
•0<. 
-0<» 






6 . 9 6 5 6 E - 0 ' t 
7 . 2 8 9 9 E -
7 . 7 2 8 3 E -
8 . 2 1 3 5 E -
8 . 7 9 7 i » E -
9 . 5 6 9 8 E -
1 . 0 5 9 7 E -
1 . 2 0 6 8 E -
1 . 3 8 5 0 E -
t . 6 5 < . l E -






• 0 3 
0 3 
03 









5 . 8 4 7 5 E -
5 .8536E-
5.86i»5E-
5 . 8 7 8 5 E -
5 .8961E-












6 . 5 2 3 9 E -
6 . 6 0 6 2 E -
6 . 6 9 2 0 E -
6 . 7 8 0 7 E -
6.870<»E-
6 . 9 5 3 2 E -
7.0'»37E-
7 . 1 2 3 7 E -



































2 . 2 9 7 2 E - 0 1 
2 . 2 9 7 2 E - 0 1 
2 . 2 9 6 0 E - 0 1 
2 . 2 9 ' » 5 t - 0 1 
2 . 3 1 a 8 E - 0 1 
2 . 3 0 9 8 E - 0 1 
2 . 3 1 9 8 E - 0 1 
2 . 3 2 3 1 E - 0 1 
2 . 3 2 3 2 E - 0 1 
2 . 3 2 3 5 E - 0 1 
2 .3Z37E-D1 
2 .32<t lE-01 
2 .32'»9E-01 
2 . 3 2 5 9 E - 0 1 
2 . 3 2 6 5 E - 0 1 
2 . 3 2 7 3 E - 0 1 
2 .3286E-D1 
2 . 3 2 9 9 E - 0 1 
2 . 3 3 1 6 E - 0 1 
2 . 3 3 3 8 E - 0 1 
2 . 3 4 1 5 E - 0 1 




2 . 3 ' , 5 5 E - 0 1 
2 .3 '»62E-01 
2.3'f'»8E-01 
2 .3 '»79E-01 
2 . 3 3 ' . 2 E - 0 1 
2 .32'»9E-01 



























- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 2 
- 0 2 







- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
NO 
1 . 6 1 9 0 E - 0 2 
1 .6136E-f l2 
1 . 6 a 0 6 E - a 2 
1 . 5 8 0 1 E - 0 2 
1 .5817E-D2 
1 . 5 7 0 9 E - 0 2 
1.57i«2E-02 
1 . 5 7 8 J E - 0 2 
1.57'»2E-02 
1 . 5 7 2 2 E - 0 2 
1 . 5 7 1 I E - 0 2 
1 . 5 7 3 5 E - 0 2 
1 . 5 7 6 5 E - 0 2 
1 . 5 8 1 0 E - a 2 
1 . 5 8 3 7 E - 0 2 
1 . 5 8 7 9 E - 0 2 
1.5g3ZE-D2 
1 . 6 0 1 1 E - 0 2 
1 . 6 0 9 7 E - 0 2 
1 . 6 2 0 5 E - 0 2 
1 . 6 3 m E - 0 2 
1.6'»15E-02 
1 .6559E-D2 
1 . 6 7 6 5 E - 0 2 
1 . 6 9 8 3 E - 0 2 
1 . 7 2 0 3 E - 0 2 
1.7500E-OZ 
1 . 7 9 0 3 E - 0 2 
1 .85D1E-02 
1 . 9 1 ' t 2 t - 0 2 
Z . 0 1 1 2 E - 0 2 











6 . 3 8 7 6 E - 0 4 
B.3aO5E-0«» 
b.XS'ihE-Oit 
6 . 0 8 1 7 E - 0 4 
5.9<.67E-0<t 
5 .7917E-0i» 




' i . 7 7 5 6 £ - 0 ^ 
<..i»9'»7E-0<» 
'• .1920E-0'* 
3 .8692£-0< . 
3.5<»6at-0<» 
3.199'>E-0<« 
2 .8557E-01 . 
2.506<»E-0<» 





3 3 2 . 
3i« 2 . 
35 2 . 
3 6 2 . 
37 3 . 
3 8 3 . 
3 9 3 . 




i«i» 5 . 
1*5 5 . 
(»6 6 . 
I*? 6 . 
'•8 6 . 
1*9 7 . 
50 8 . 
5 1 9 . 
5 2 1 . 
53 
SI* 






6 1 2 . 
6 2 2 . 
6 3 2 . 
bh 2 . 
6 5 
6 6 
67 3 . 
68 3 . 
69 
70 
7 1 5 . 
7 2 5 . 
l<»'»OE + 00 
3«»03E + 00 
5>»8i»fc*00 
7 6 8 3 E tOO 
OOOOE+00 
2'»3bE + O0 
5 0 9 6 E + 0 0 
7 9 8 0 E + 0 0 
1 0 8 9 E + 0 0 
' • ' •22E+00 
7 9 8 0 E + 0 0 
1 7 6 2 E + 0 0 
5 7 6 9 E + 0 0 
OOOOE+00 
' • l»55Et00 
9 7 9 5 E * 0 0 
6 0 2 0 E + 0 0 
3 1 2 9 E t f l O 
1 1 2 2 E + 0 0 
OOOOEtOl 
0 9 7 6 t + 0 1 
2 0 3 0 E + 0 1 
3 1 6 1 £ t 0 1 
' , 3 7 0 E + 01 
5 6 5 6 E t 0 1 
7 0 2 0 E + 0 1 
8<»61E*01 
9 9 7 9 E + 0 1 
1 5 7 5 E + 0 1 
3 2 « , 9 E + 0 1 
5000E<-01 
6 8 2 9 E + 0 1 
9 0 2 7 E + 0 1 
1597E<-01 
i f537E + 01 
78i»7E + 01 
1 5 2 7 E + 0 1 
5 5 7 9 E + 0 1 
OOOOE+01 
' » 7 9 2 E t 0 1 
3 . 3 7 7 7 E + 0 3 
3 . 0 9 6 6 E + 0 3 
2 . 8 ' t 5 0 E + 0 3 
2 . b 2 1 1 E + 0 3 
2 . ' » 2 1 3 E + 0 3 
2 .2 '»29E«-03 
2 . Q 7 7 8 E + 0 3 
1 . 9 2 6 0 E + 0 3 
1 . 7 8 7 i » E + 0 3 
1 . 6 6 1 8 E + 0 3 
1.5<»d2E«-03 
l . ' 4 i f59E + 03 
1 . 3 5 3 7 E 4 0 3 
1 . 2 7 1 0 E + 0 3 
1 . 1 9 6 3 E + 0 3 
1 . 1 2 0 3 E + 0 3 
1 . 0 ' » 6 2 E + 0 3 
9 . 7 6 2 2 E + 0 2 
9 . 1 1 9 8 E t 0 2 
8 . 5 3 8 8 E + 0 2 
8 . 0 1 8 6 E t 0 2 
7 . 5 6 ' » 5 E * 0 2 
7 . 1 6 5 2 E + 0 2 
6 . 8 1 6 8 E + 0 2 
6 . 5 1 ' , 0 E + 02 
6 . 2 5 1 9 E < - 0 2 
6 . 0 2 5 9 E t 0 2 
5 . 8 3 0 2 E + 0 2 
5 . 6 6 1 0 E t 0 2 
5 . 5 1 6 3 E + 0 2 
5 . 3 8 9 5 E t 0 2 
5 . 2 7 9 0 E t 0 2 
5 . 1 7 0 1 E + 0 2 
5 . 0 6 7 5 E + 0 2 
' » . 9 7 5 7 E + 0 2 
'• .351ifE<-02 
't .7<t6'»E+02 
' . . b 5 6 7 E t 0 2 
'» .5896E«-02 
'» .5529E<-02 
1 . 3 2 0 
1 . 3 5 6 
1 . 3 9 0 
l . i t Z l 
l . ' » 5 1 
l . < f 7 7 
1 . 5 0 3 
1 . 5 2 9 
1 . 5 5 3 
1 . 5 7 5 
1 . 5 9 7 
1 . 6 1 7 
1 . 6 3 6 
1 . 6 5 5 
1 . 6 7 2 
1 . 6 9 0 
1 . 7 0 9 
1 . 7 2 8 
1 . 7 1 . 6 
1 . 7 6 3 
1 . 7 7 9 
1 . 7 9 3 
1 . 8 0 6 
1 . 8 1 7 
1 . 8 2 6 
1 . 8 3 5 
1 .8 (>3 
1 . 8 5 1 
1 . 8 5 9 
1 . 8 6 6 
1 . 8 7 2 
1 . 8 7 8 
1 . 8 8 ' * 
1 . 8 9 1 
1 . 8 96 
1 . 9 0 3 
1 . 9 0 9 
1.91<» 










































9 . 0 8 3 3 E + 0 3 
8 . 7 9 ' . 7 E + 03 
8 . 5 0 2 7 E + 0 3 
3 . 2 1 2 ' » E + 0 3 
7 . 9 1 1 5 E + 0 3 
7 . 6 5 1 1 . E + 0 3 
7 . < . 1 1 9 E * 0 3 
7 . 1 9 9 8 E + 0 3 
7 . 0 0 1 0 E + 0 3 
6 . 8 1 9 2 E t 0 3 
b . b S b i i E + O S 
6 . 5 0 5 9 E + 0 3 
6 . 3 6 9 1 E 4 ' 0 3 
6 . 2 i . 8 7 E t 0 3 
6 .1 l»38E<-03 
b . 0 ' » 8 1 E * 0 3 
5 . 9 b ' t i » E + 0 3 
5 . 8 9 i * 9 E t 0 3 
5 . 8 2 8 6 E + 0 3 
5 . 7 5 1 9 E t 0 3 
5 . 6 i t 9 2 E + 0 3 
5 .51<»i fE+03 
5 . 3 ' t 9 5 E * 0 3 
5.1b'»«»E+03 
i » . 9 7 2 2 E t 0 3 
'» .78 i , i »E*03 
l » . 5 9 6 7 E + 0 3 
i » . ' » 1 6 0 E t 0 3 
' f . 2 ' » ' » 6 E t 0 3 
i > . 0 8 3 5 E t 0 3 
3 . 9 3 1 9 E + 0 3 
3 . 7 8 9 6 E + 0 3 
3 . 6 3 7 3 E + 0 3 
3 . < » b 0 7 E + 0 3 
3 . 3 3 1 1 E + 0 3 
3 . 1 7 1 7 E + 0 3 
3 . 0 2 1 < » E * 0 3 
2 . 8 8 1 i f E * 0 3 
2 . 7 5 I . 2 E + 0 3 
2 . 6 ' » 1 6 E + 0 3 
2 . 6 8 5 3 E 
3 . 6 1 1 2 E 
5 . 0 6 8 1 E 
7 . 3 0 2 3 E 
1.093<»E 
1 . 5 5 2 7 E 
2 . 1 5 1 2 E 
2 . 8 i » 5 9 E 





8 . 6 6 9 6 E 
9 . 8 7 3 7 E 
1 . 1 3 9 8 E 
1 . 3 1 9 8 E 
1 . 5 2 0 6 E 
1 . 7 2 3 9 E 
1 . 9 0 8 7 E 
2 . 0 5 8 8 E 
2 . 1 6 6 2 E 
2 . 2 3 5 % E 
2 . 2 7 6 3 E 
2 . 2 9 8 8 E 
2 . 3 1 0 6 E 
2 . 3 1 9 5 E 
2 . 3 2 3 9 E 
2 . 3 2 6 1 E 
2 . 3 2 7 1 E 
2 . 3 2 7 6 E 
2 . 3 2 7 8 E 
2 . 3 2 7 9 E 
2 . 3 2 8 0 E 
2 . 3 2 8 0 E 
2 . 3 2 8 a E 
2 . 3 2 8 0 E 
2 . 3 2 8 0 E 
Z . 3 2 8 0 E 
2 . 3 2 8 O E 
•03 
03 





- 0 2 7 . 
- 0 2 7 . 
- 0 2 7 . 
- 0 2 7 . 
- 0 2 7 . 
02 
02 
- 0 2 7 . 
- 0 1 7 . 









- 0 1 7 . 
- 0 1 7 . 
- 0 1 7 . 
- 0 1 7 . 
- 0 1 7, 
- 0 1 7 . 
- 0 1 7 . 
•01 
0 1 
0 1 7 . 
- 0 1 7 . 
0 1 7 . 
0 1 7 . 
0 1 7 . 
0 1 7 . 
2 5 7 3 E -
3 1 2 1 E -
3 5 3 7 E -
3 8 1 3 E -
3 9 6 2 E -
399<.E-
3 9 5 i t E -
3 8 6 0 E -
3 7 1 9 E -
3 5 5 1 E -
3 3 7 6 E -
3 2 1 1 E -
3 0 8 7 E -
3 0 5 1 E -
3 1 2 6 E -
3 3 7 0 E -
3 8 0 6 E -
"••JOBE-
5 0 7 3 E -
5 6 8 1 E -
SihbE-
6'f '» lE-
6 5 9 9 E -
6 6 7 3 E -
6 7 0 3 E -
6 7 1 5 E -
6 7 1 6 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 0 E -
6 7 2 D E -
6 7 2 0 E -




0 1 2 . 
0 1 1 . 
0 1 1 . 





0 1 1 . 
0 1 1 . 
0 1 9 . 
0 1 8 . 
0 1 6 . 
0 1 5 . 
01 I*. 
0 1 2 . 
0 1 2 . 
01 1 . 







0 1 8 . 





0 1 1 . 
0 1 3 . 
0 1 7 . 
0 1 1 . 
0 1 2 . 
2 9 2 6 E 
2 5 9 9 E 
2 1 5 7 E 
1 5 8 1 E 
0 7 9 7 E 
99I .6E 
895ifE 
7 8 9 6 E 
6 6 9 6 E 
5 ' f l 5 E 
i*ii*7E 
2 8 7 9 E 
16<fOE 
0<.35E 
2 8 3 9 E 
0 1 5 5 E 
7 0 5 6 E 
3 8 5 9 E 
1 2 0 6 E 
9 7 7 9 E 
OlbSE 
2 8 5 2E 
7 8 1 1 E 
55'»6E 
6 6 7 S E 
6 3 2 6 E 





6 3 0 2 E 
0i>8BE 
9 3 9 9 E 
l '»71E 
7 5 2 8 E 
8 8 6 5 E 
9 3 3 9 E 
5 3 3 1 E 
8 8 9 9 E 
- 0 1 1 . 
- 0 1 1 . 
•01 9 . 












02 6 . 
02 <f. 
- 0 2 2 . 





- 0 3 1 . 
- 0 3 5 . 
- 0 3 2. 
- n 6 . 
-01* 1 . 
-01* 5 . 
- 0 5 1 . 
- 0 5 3 . 





- 0 8 3 . 
0 9 
09 
- 1 0 1 . 
8 9 a 7 E 
3 ' . 7 1 E 
1 9 1 3 E 
08<»7E 
8 0 0 2 E 
' •651E 
59'»9E 
0 7 1 7 E 
2if7i»E 
0 0 3<fE 
5 7 9 1 E 
5 8 5 7 E 
8 7 5 9 E 
3 b 5 5 E 
90i»2E 
a l O l E 
i , 0 5 3 E 
6 5 8 0 E 
' •723E 
0 6 9 3 E 
081.7E 
2 2 3 6 E 
6 1 1 2 E 
6 9 7 6 E 
9 9 8 8 E 
2 3 5 9 E 
» 9 7 0 E : 
9 6 1 7 E 
3 5 3 5 E 
i t l 2 2 E 
599'»E 
5 5 3 9 E 
6 6 6 2 E 
5 3 ' . 7 E 
3i»'»gE 
' . 0 2 3 E 
tt60<»E 
0 5 1 1 E 
ZD05E 
6<»19E 
•02 2 . 
- 0 2 2 . 
- 0 3 2 . 
- 0 3 3 . 
- 0 3 3 . 
- 0 3 i*. 
- 0 3 <f. 
- 0 3 5 . 
•01* 
•01* 
•01* 6 . 
•0<t 7 . 
•01* 
•01* 




•05 3 . 
•06 2 . 
-06 
-06 
•07 2 . 
•07 1 . 
•08 
•08 




•11 3 . 
•12 8 . 
•tZ 1 . 
•13 2 . 
•l"* 3 . 
•15 3 . 
•16 
•17 
•IB 1 . 
•19 1 . 
3322E 
5666E' 













2 0 9 S E -
2 8 5 7 E -
9969E-
5 6 5 6 E -
2528E-
2<t8<tE-
l l g i t E -
691'»E-
08i»3E-
1 7 9 0 E -
591' tE-
1 3 2 / t -
5627E-
5 2 2 5 E 
2<»98E 
3 0 1 1 E 
3 6 5 3 E 
6ftS7E 
5 5 6 5 E 




7 9 7 o r 
2 1 2 7 E 
7 . 6 3 3 6 E - 0 5 
5 . 7 5 4 7 E - 0 5 
' . . 2 < » 2 i r - ( I 5 
0 2 3 . 0 9 < t l E - 0 5 
02 2 . 2 0 3 0 ^ - 0 5 
1 . 6 3 3 a E - 0 5 
1 . 2 3 3 8 E - 0 5 
02 9 . 6 2 < » 3 E - a 6 
i r 2 ^ " 7 . 5 7 9 3 E - l 6 ~ 
02 6 . 0 1 3 9 E - a 6 
02 ' » . 7 8 1 2 E - 0 6 
3 . 7 2 8 5 E - 0 6 
2 . 8 1 l 6 E - a 6 
2 . 0 2 5 9 E - 0 6 
1 . 3 8 2 8 E - 0 6 
8 . 3 a O ' t E - a 7 
i*.3zasE-aT 
1 . 9 2 0 3 E - 0 7 
7 . 1 7 7 7 E - 0 8 
2 . 2 ' * 8 5 E - 0 8 
5 . 8 3 ' . 7 E - 0 9 
1 . 2 7 6 9 E - 0 9 
0 3 2 . 3 9 6 9 E - 1 0 
0 3 3 . 9 6 7 6 E - 1 1 
at* 6 . t 6 1 5 E ^ t 2 
0'» 9 . 1 8 1 i » E - 1 3 









- 1 1 i . a a o o E - 2 0 
- 1 2 l . O O O O E - 2 0 
- 1 3 l . O O f l O E - 2 0 
- I T 1 . 0 0 a O E - 2 D 



























































































































































































































































































































i*h 0 . 
"•5 0 . 
hb 0 . 
'.7 0 . 
l»8 0 . 
(•g 0 . 
50 0 . 
51 0 . 
52 0 . 
53 0 . 
5if 0 . 
55 0 . 
56 0 . 
57 0 . 
58 0 . 
59 0 . 
60 0 . 
6 1 0 . 
62 0 . 
63 0 . 
bh 0 . 
65 0 . 
66 0 . 
67 0 . 
68 0 , 
69 0 . 
70 0 . 
71 0 . 































































































































































































. 0 3 7 0 
. 0 7 i t l 
. 1 1 1 1 
. I f t S l 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 





. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
.7<»07 
. 7 7 7 8 
.aiffB 
. 8 5 1 9 
. 8 8 8 g 
. 9 2 5 9 




l . ' f i jSSE-Ol 





6 . 6 2 1 2 E - 0 1 
6 . 8 5 3 9 E - 0 1 
7 . Oi,19E-ai 
7 .213QE-01 
7. 3788E-01 
7 . 5 ' . 3 1 E - J 1 
7 . 7 0 7 1 E - 0 1 
7 . 8 7 1 1 E - 0 1 
B .0350E-01 
a. i g 8 9 E - a i 
8 . 3 6 2 d E - 0 1 
8 . 5 2 6 7 E - a i 
8 . 6 g a 6 E - 0 1 
8. 85i*5E-01 
g . 0 1 8 3 £ - 0 1 
9 . 1 8 2 1 E - 0 1 
9.3<«5gE-ai 
g . 5 o g 6 £ - o i 





5 . 8 1 i , 3 E - 0 1 
7 . 1 7 9 1 E - 0 1 
8 .2851E-Q1 
g . Q 5 g 6 £ - 0 1 
9 .52i»7E-01 
9 .77 i f8E-01 
9 . 8 9 8 3 E - 0 1 
9 . g 5 0 2 E - 0 1 
g . 9 6 2 0 £ - 0 1 
g . g 5 i » O E - o i 
9 . 9 3 9 5 6 - 0 1 
g . g 2 5 9 t - o i 
9 . 9 1 6 6 E - 0 1 
9 . g i l 5 E - 0 1 
g . 9 o g 7 E - Q i 
g . g o g 8 E - o i 







































5. 7̂ 5l»E-0'• 
INITIAL 
N2 
6 . 6 1 2 1 E - 0 1 
6 . 6 9 7 3 E - 0 1 
6 . 7 2 8 3 E - a i 
6 .702 '»E-01 
6 .&232E-01 
6 .50&3E-01 
6 . 3 7 3 8 E - 0 1 
6 .2 i»50E-Bl 
6 . 1 3 1 2 E - 0 1 
6 . 0 3 b 9 E - 0 1 
5 . 9 b 2 g E - 0 1 
5 . g B 8 5 E - 0 1 
5 . 8 7 2 2 E - 0 1 
5 . 8 5 0 9 E - 0 1 
5.8 '«0'»E-01 
5 . 8 3 6 6 E - 0 1 
5 . 8 3 6 0 E - 0 1 
5 . 8 3 6 5 E - 0 1 
5 . 8 3 7 2 E - 0 1 
5 . 3 3 7 7 E - 0 1 
5 . 8 3 8 2 E - a i 
5 . 8 3 8 9 E - 0 1 
5 . e 3 9 8 E - 0 1 
5 .8 '«13E-01 
5 . 8 ' , 3 3 E - 0 1 
5 . 8 ' , 6 3 E - 0 1 
5 . 8 5 0 5 E - 0 1 













2 . 1 1 5 8 E - 0 1 
2 . 1 9 9 3 E - 0 1 
2 .253 '»E-01 
2 . 2 8 i , 2 E - 0 1 
2 . 2 9 8 9 E - a i 
2 .30<,0E-01 
2 .30 '»7E-01 
2 . 3 0 ' , 0 E - 0 1 
2 . 3 0 3 3 E - 0 1 
2 .3D29E-B1 
2 . 3 0 2 6 E - 0 1 
2 .302i»E-01 
2 . 3 0 2 2 E - 0 1 
2 . 3 0 1 8 E - 0 1 
2 . 3 0 1 2 E - 0 1 
2 . 3 0 0 3 E - 0 1 
2 . 2 9 9 1 E - 0 1 
2 . 2 9 7 2 E - 0 1 
N 
b . b ( , 3 8 E - 0 2 
7.Q5<»lE-02 
d .D590E-02 
9 . 5 9 3 9 E - 0 2 
1 . 1 5 3 6 E - 0 1 
1 . 3 5 9 1 E - 0 1 
1 . 5 3 6 6 E - 0 1 
1 . 6 5 9 2 E - 0 1 
1 . 7 2 2 9 E - 0 1 
1.7i«19E-01 
1 . 7 3 6 0 E - 0 1 
1 . 7 2 1 9 E - 0 1 
1 . 7 0 9 0 E - 0 1 
1 . 7 0 0 6 E - 0 1 
1 . 6 9 6 5 E - 0 1 
1 . 6 9 5 l E - 0 1 
1 . 6 9 5 0 E - 0 1 
1 . 6 9 5 1 E - 0 1 
l . b 9 5 1 E - 0 1 
l . bg i^gE-Ol 
1 .69 i ,5E-01 
1 . 6 9 3 7 E - 0 1 
1 . 6 9 2 5 E - 0 1 
1 . 6 9 0 a E - 0 1 
l . b 8 8 3 E - 0 1 
1 .68 l ,bE-01 
1 .679 '»E-01 
1 . 6 7 2 3 E - 0 1 
NO 
- 0 . 
2 . 3 8 0 0 E - a ' * 
1 . 2 7 1 1 E - 0 3 
3 . 7 3 6 5 E - 0 3 
6 . 7 9 0 0 E - 0 3 
9 . 2 0 8 9 E - 0 3 
1 .08D3E-02 
1.192'*E-02 
1 . 2 8 3 2 E - 0 2 
l . J 6 0 ' » E - U 2 
1 . ^ 2 2 9 E - 0 2 
l . ' » 6 8 5 E - 0 2 
l . ' « 9 7 9 E - 0 2 
1 . 5 1 ' t l E - 0 2 
1.521 '»E-02 
1.521.0E-02 
1 .52 i ,5E-02 
1 .52 '»7E-02 
1 . 5 2 5 1 E - 0 2 
1 . 5 2 6 2 E - 0 2 
1 . 5 2 8 1 E - 0 2 
1 . 5 3 1 0 E - 0 2 
1 . 5 3 5 5 E - 0 2 
1.5i»22E-02 
1 . 5 5 2 1 E - 0 2 
1 .566lfE-02 
1 .5871E-D2 
1 . 6 1 9 0 E - 0 2 
NO-t̂  
3 . 1 9 0 0 E - 0 5 
i t .6aOOE-05 
9 . 0 2 0 0 E - 0 5 
l .b680E-0<f 
2 . 7 3 5 0 E - 0 ' . 
3 . 8 2 7 0 E - 0 1 , 
i , .7tt00E-0if 
5.5080E-0<» 
&.ao3aE-o<, 
6 . 3 0 1 0 E - 0 1 , 
b.hbOOE-Qh 
6.5330E-Q<» 
6 .5630E-U ' . 
6 .5730E-0i» 
&.5770E-01* 
6 .5780E-a i» 
6 . 5 7 9 0 E - 0 ' . 
e.saooE-Qi* 
b . 5 a i 0 E - 0 ' » 
6 .5e30E-0 i» 
b.^aboz-oh 
b.SgiOE-Oi* 
6 .5980E-01 , 
6 .6090E-a i» 
b .6250E-0 l» 
6.6'»80E-0<» 
6 . 6 7 9 0 E - 0 I , 
6 . 7 2 0 7 E - 0 1 , 
CO 
2 . & 6 3 6 E - 0 1 
2 . 2 9 5 5 E - 0 1 
1 .8g3I ,E-UI 
1 .<,766E-01 
1 . 0 7 7 5 E - 0 i 
7 . 3 1 ' , a E - 0 2 
' • . 6 0 2 9 E - 0 2 
2 . 6 7 2 2 E - 0 2 
l . l , 1 9 3 E - 0 2 
b . 8 l 9 8 E - 0 3 
2 . 9 2 6 5 E - 0 3 
1 . 1 0 6 3 E - 0 3 
3 . b 3 3 0 E - 0 ' t 
1 . 0 2 1 0 E - 0 4 
2.1*1 DOE-05 
i» .7000E-06 




0 . - -
a. 














































































ETA C I 
0 . 0 0 0 0 '» .3 i ,27E-
. 0 3 7 0 i , . 3 7 1 8 E -
.071 .1 ' . . 3 1 1 5 E -
. 1 1 1 1 i t . 2 a l 2 E -






. 1 8 5 2 3 . 6 6 6 0 E - 0 3 
. 2 2 2 2 2 . 8 0 6 7 E -
. 2 5 9 3 1 . 8 3 7 0 E -
. 2 9 6 3 1 . 030itE-
. 3 3 3 3 ' . . 9 9 6 0 E -






.'+07'» 7 . 8 3 0 0 E - 0 5 
.4i»i.i» 2 . 5500E-
.i»615 7 . 2 0 0 a E -
. 5 1 8 5 1 . 3 0 0 0 E -
. 5 5 5 b I..OQOOE-
. 5 g 2 6 l.OOOOE-
. 6 2 9 6 0 . 
. 6 6 6 7 P. 
. 7 0 3 7 0 . 
.71,07 0 . 
. 7 7 7 8 0. 
.811,8 0 . 
. 8 5 1 9 0. 
. 8 8 8 9 0 . 
. 9 2 5 9 0 . 
. 9 6 3 0 0 . 



















































































-07 0 . 
•07 0 . 
-07 0 . 
•07 0 . 
OOOQE-07 0 . 
- 0 6 

































































2 . 9 8 5 0 E - 0 I , 
< , . 7 9 5 0 E - 0 i , 
1 . 0 1 2 i , E - 0 3 
1 . 5 7 1 1 E - 0 3 
1 . 7 9 3 i , E - 0 3 
1 . 5 8 6 0 E - 0 3 
l . l i » 6 5 E - 0 3 
7 .01 .90E-OI , 
3 . 7 6 7 0 E - 0 ' , 
1 . 7 7 0 0 E - 0 1 , 
7 . 3 i , 0 0 E - 0 5 
2 . 6 9 0 0 E - 0 5 
8 . 7 0 0 0 E - 0 6 
2 . 5 0 0 0 E - 0 6 


































l . i , 3 0 5 2 E + 0 i , 
1 . 8 6 3 ' , 2 E - 0 2 
1 . 8 6 2 5 9 E - 0 2 
1 . 8 6 1 7 8 E - 0 2 
1 . 8 6 0 9 8 E - 0 2 
1 . 8 6 0 1 8 E - 0 2 
1 . 8 5 9 ' » 0 E - 0 2 
1 . 8 5 8 6 2 E - 0 2 
l . a 5 7 8 i » E - 0 2 
1 . 8 5 7 0 7 E - 0 2 
1 . 8 5 6 3 0 E - 0 2 
1 . 8 5 5 5 3 E - 0 2 
1 . 8 5 i , 7 7 E - 0 2 
1 . 8 5 i , 0 1 E - 0 2 
1 . 8 5 3 2 6 E - 0 2 
1 . 8 5 2 5 1 E - 0 2 
1 . 8 5 1 7 6 E - 0 2 
1 . 8 5 1 0 1 E - 0 Z 
1 . 8 5 0 2 7 E - 0 2 



































































































































= 6 2 3 . 7 2 3 
= 6 2 0 . 0 0 2 
= 6 1 6 . 2 7 2 
= 6 1 2 . 5 1 1 
= 6 0 8 , 7 7 5 
= b a 5 . 0 3 1 
= 6 0 1 . 2 8 1 
= 5 9 7 . 5 3 8 
= 5 9 3 . 7 8 7 
= 5 9 0 . 0 5 5 
= 5 a 6 . 3 1 3 
= 5 8 2 . 5 7 1 
= 5 7 8 . 8 2 B 
= 5 7 5 . 0 5 8 
= 5 7 1 . 3 0 9 
= 5 6 7 . 5 6 3 
= 5 6 3 . 7 9 0 
= 5 6 0 . 0 2 7 
= 5 5 6 . 2 5 9 
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- 8 . 3 7 5 i . E - 1 3 
- 1 . 6 0 7 7 E - H . 
- 1 . 6 0 6 0 E - 1 6 
- 6 . 2 0 i . 6 E - i 9 
- 3 . a 7 i . 3 E - 2 2 
0 . 




1 . 0 6 5 l E - 3 b 
0 . 
0 . 
- 1 . 1 . 6 5 0 E - 0 1 
- 3 . » 8 8 1 E - 0 2 
- 8 . 5 5 0 2 E - 0 3 
- 1 . 5 1 9 7 E - 0 3 
- 2 . 0 9 5 0 E - 0 1 . 
- 2 . 0 8 5 0 E - 0 5 
- i . 2 9 2 7 T - 0 6' 
- 3 . 2 2 0 8 E - 0 8 
0 . 
- 1 . 6 2 1 0 E - 1 1 
a. 
- 1 . 1 . 1 1 8 E - 1 3 
0 . 
- 3 . 2 3 6 i . E - 1 5 
0 . 
0 . 
- 5 . 3 3 9 0 E - a 2 
- l . i . 0 3 a E - 0 2 
- 3 . 0 6 8 0 E - 0 3 
-5.I .I .58E-01. 
- 7 . 5 5 1 2 E - 0 5 
- 7 . 6 2 7 7 E - 0 6 
- I . . 8 3 9 6 E - 0 7 
- 1 . 2 3 5 8 E - a 8 
0 . 













1.I.65 6E+0 0 " " 
1.6051EtOO 




1 . 1 1 6 1 E - 0 I ~ ~ 
3 .981.5E-02 
1.05' , i .E-02 
- 1 . 5 0 7 i , E - 0 3 
- 8 . 7 8 5 5 E - 0 3 
- 1 . 6 8 8 9 E - 0 2 
- 2 . 8 9 3 5 E - 0 2 
- 1 . . 7 7 9 0 E - 0 2 
- 7 . 7 0 5 7 E - 0 2 
- 1 . 2 1 6 5 E - 0 1 
- 1 . 8 8 3 0 E - 0 1 
- 2 . 8 6 0 1 E - 0 1 
- « , . 2 5 9 8 E - 0 1 
- 6 . 1 8 6 0 E - 0 1 
- 8 . 5 8 9 5 E - 0 1 































0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 1 , 1 
. 1 1 1 1 
. I ' . a i 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 1 , 
.1 ,071, 
.Itltl .! , 
. 1 . 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 1 , 0 7 
. 7 7 7 8 
. 8 1 1 , 8 
. 8 5 1 9 
. 8 8 8 9 
. g 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
FPRIMF 
0. 
l . i , 1 6 7 E - 0 1 
2 . 7 g 3 1 E - 0 1 
i , . 0 2 2 2 E - 0 1 
5 . 0 2 2 2 E - 0 1 
5 . 7 6 1 S E - 0 1 
6 . 2 6 7 1 E - a i 
6 . 6 0 3 6 E - 0 1 
6. S i j l Z E - B l 
7 . 0 3 1 8 £ - a i 
7 . 2 0 i , 2 E - 0 1 
7 . 3 7 0 7 E - 0 1 
7. 5 3 5 7 E - 0 1 
7 . 7 Q 0 2 E - a i 
7 . 8 6 i , 7 E - ( ) l 
8 . 0 2 g i E - D l 
8 . 1 9 3 5 E - Q 1 
8 . 3 5 7 g E - 0 1 
3 . 5 2 2 3 E - 0 1 
8 . b 8 6 7 E - 0 1 
8 . 8 5 1 0 E - 0 i 
9 . 0 1 5 i , E - 0 1 
g . l 7 g 7 E - 0 1 
9 . 3 ' , 3 g E - a i 



















g . g i 0 5 E - o i 
g . g i 0 5 E - o i 
q . g i Q 8 E - o i 
9 . 9 1 1 2 E - 0 1 
9 . 9 1 2 0 E - 0 1 
g . 9 1 3 2 E - 0 1 
9 . g i 5 1 E - 0 1 
g . g i 8 0 E - o i 
9 . g 2 2 5 t - 0 1 
g . g 2 g i E - o i 
g . g 3 8 8 E - o i 
g.9528t-01 

































6 . 3 1 I . 5 E - 0 1 
6 . 1 . 1 6 2 E - 0 1 
6 . I . 7 2 2 E - 0 1 
6 . 1 . 7 2 7 E - 0 1 
6 . ' . 1 8 1 E - 0 1 
6 . 3 2 3 1 . E - 0 1 
6 . 2 1 1 0 E - 0 1 
6 . 1 0 1 6 E - 0 1 
b . 0 0 8 8 E - 0 1 
5 . g 3 8 6 E - 0 1 
5 . 8 9 1 1 E - 0 1 
5 . 8 6 2 5 E - 0 1 
5 . 8 ' , 7 3 E - 0 1 
5 . 8 1 . 0 5 E - 0 1 
5 . 8 3 8 1 E - 0 1 
5 . 8 3 7 i . E - a i 
5 . 8 3 7 3 E - 0 1 
5 . 8 3 7 ' . E - 0 1 
5 . 8 3 7 6 E - 0 1 
5 . 8 3 7 9 E - a i 
5 . 8 3 8 3 E - 0 1 
5 . 8 3 8 9 E - 0 1 
5 . 8 3 9 8 E - 0 1 
5 . 8 i , 1 2 E - 0 1 
5 . 8 i , 3 3 E - 0 1 
5 . 8 i , 6 3 E - a i 
5 . 8 5 0 5 E - 0 1 































5 . 9 8 7 5 E - 0 2 
b . 3 6 6 9 E - 0 2 
7 . 2 6 9 g E - 0 2 
8 . 6 8 9 6 E - 0 2 
1 . 0 5 3 8 E - 0 1 
1 . 2 5 i , 8 E - 0 1 
1 . 1 . 3 1 . 7 E - 0 1 
1 . 5 6 6 8 E - 0 1 
l . b i . 6 1 E - 0 1 
1 . 6 8 3 8 E - 0 1 
l . b g 6 7 E - 0 1 
1 . 6 g 8 7 E - 0 1 
1 . 6 9 7 5 E - 0 1 
l . b 9 6 i . E - 0 1 
1 . 6 g 5 8 E - 0 1 
1 . 6 9 5 6 E - 0 1 
1 . 6 9 5 5 E - 0 1 
l . b 9 5 l » E - 0 1 
l . b 9 5 3 E - 0 1 
l . b 9 5 0 E - 0 1 
1 . 6 9 i , 5 E - D l 
1 . 6 9 3 7 E - 0 1 
1 . 6 9 2 6 E - 0 1 
1 . 6 9 0 8 E - 0 1 
1 . 6 8 8 3 E - 0 1 
l , 6 8 i , 6 E - 0 1 
1 . 6 7 g t , E - 0 1 
1 . 6 7 2 3 E - 0 1 
NO 
0 . 
2 . 7 7 1 1 . E - 0 1 . 
l . l , 5 6 3 E - 0 3 
< . . 3 0 8 ' . £ - 0 3 
7 . 8 7 3 6 E - 0 3 
1 . 0 6 1 . 6 E - 0 2 
1 . 2 3 ' , 0 E - a 2 
1 . 3 3 6 0 E - 0 2 
l . ' . 0 ' t O E - 0 2 
l . i , 5 2 2 E - 0 2 
l . i . a 5 0 E - a 2 
t . 5 o 5 2 E - 0 2 
1 . 5 1 6 0 E - 0 2 
1 . 5 2 0 9 E - 0 2 
1 . 5 2 2 a E - 0 2 
1 . 5 2 3 5 E - 0 2 
1 . 5 2 3 8 E - 0 2 
1 . 5 2 » , 2 E - D 2 
1 . 5 2 5 0 E - 0 2 
1 . 5 2 6 1 E - 0 2 
1 . 5 Z 8 0 E - 0 2 
1 . 5 3 1 0 E - 0 2 
1 . 5 3 5 5 E - 0 Z 
1 . 5 i , 2 2 E - 0 2 
1 . 5 5 2 0 E - 0 2 
1 . 5 6 6 3 E - 0 2 
1 . 5 8 7 a E - 0 2 
1 . 6 1 9 0 E - 0 2 
HO* 
3 . 1 0 1 0 E -
' , . 5 b 2 i . £ -
a . 8 2 i . 8 E -
1 . 6 6 3 6 E -
2 . 7 2 0 6 E -
3 . 8 3 5 1 . E -
l , . 8 0 a 6 E -
5 .51 .1 .1E-
& . 0 3 ' . a E -
6 . 3 2 1 6 E -
6 . I . 7 0 0 E -
6 . 5 3 7 1 . E -
6 .561 .1 .E-
6 . 5 7 1 . 1 E -
6 . 5 7 7 3 E -
6 . 5 7 8 1 . E -
6 . 5 7 9 1 E -
6 . 5 7 9 9 E -
6 . 5 8 1 1 E -
6 . 5 t t 3 1 E -
6 . 5 8 6 Z E -
6 . 5 9 1 0 E -
6 . 5 9 a 3 E -
6 . 6 0 9 1 E -
6 . 6 2 1 . 9 E -
6 . 6 1 . 7 I . E -
& . 6 7 8 8 E -
6 . 7 2 0 7 E -
•05 
- 0 5 
- 0 5 
• f l i . 
• 0 1 . 
• 0 1 . 
• 0 1 . 
• 0 1 . 
•04 
• 0 1 . 
• 0 1 . 






• 0 1 . 
• 0 1 . 
• 0 1 . 
-Qi. 




• 0 1 . 
• 0 1 . 
• 0 1 . 
CO 
3 . 0 3 1 . 1 E - 0 1 
2 . b l 5 9 E - 0 1 
2 . i 5 B 3 E - ^ D l 
1 . 6 8 2 8 E - 0 1 
1 . 2 2 5 2 E - 0 1 
8 . 2 6 5 5 E - 0 2 
5 . 1 3 6 ' . E - 0 2 
2 . 9 2 1 6 E - 0 2 
1 . 5 0 d 7 E - 0 2 
7 . 0 0 2 8 E - 0 3 
2 . a d 8 3 E - 0 3 
1 . 0 ' . 5 1 E - 0 3 
3 . 2 6 9 9 E - 0 ' . 
8 . b 9 2 8 E - 0 5 
1 . 9 O 6 E - 0 5 
3 . 1 . 1 3 1 . E - 0 6 
' . . 6 & 8 3 E - 0 7 
I . . 5 5 3 8 E - 0 8 
2 . 7 3 2 6 E - 0 9 
b . 5 5 7 6 E - l l 
ur " 
2 . 9 9 8 5 E - H . 
0 . 
2 . 3 6 9 3 E - 1 6 
0 . 




6 . 6 6 ' . 5 E - 0 l » 
6 . 1 3 a 3 E - 0 < . 
T ; . 2 5 6 1 F - 0 « . 
2 . 1 . 5 1 6 E - 0 1 . 
1 . 2 I . 7 7 E - 0 1 . 
6 . a 6 2 9 E - 0 5 
2 . 9 I . 5 0 E - 0 5 
l . i . 3 5 i . E ^ 0 5 
6 . 8 3 3 7 E - a 6 
3 . 0 7 1 i » E - a 6 
1 . 2 5 7 2 E - 9 6 
i . . 5 6 3 5 E - a 7 
i . i . 3 6 i . E - a r 
3 . S 3 9 2 E - a S 
8 . 5 1 D 9 t - B 9 
1 . 5 1 7 1 E - 0 9 
2 . 0 7 7 5 E - 1 0 
2 . 0 2 7 2 E - 1 1 
1 . 2 1 5 9 E - 1 2 
2 . 9 1 9 1 . E - 1 I . 
r. 
1 . 0 6 1 . 2 E - 1 7 
0 . 
7 . 5 6 1 . 6 E - 2 0 
0 . 






























































3 . 3 2 9 7 E - 0 3 
3 . 3 6 8 0 E - 0 3 
3 . 3 5 2 1 E - 0 3 
3 . 3 7 3 6 E - 0 3 
3 . 3 2 6 1 E - 0 3 
2.971.3E-03 
2 . 2 9 i g E - 0 3 
1.1.993E-03 
8.351.5E-01. 
i , .0002E-0i . 
1 .6579E-0' , 
5 . g592E-05 
1 . 8i ,78E-05 
I . .8775E-06 
1. 0727E-06 
l . g 0 5 8 E - 0 7 
2.611.BE-08 

































2 . I .968E-30 
0 . 
9 .8«.17E-3i . 
n. 





2 . 0 9 i g E - l l 
9 . 6 9 3 3 E - 1 2 
2 . 7 1 1 8 E - 1 2 
9 . 2 1 3 3 E - 1 3 
2 . 9 5 7 2 E - 1 3 
7. 5075E-1I. 
l . i t i g i j E - l i . 
1.9'»77E-15 
1 . 9 0 5 6 E - 1 6 
1 .3028E-17 
6 . 0 5 7 8 E - 1 9 
1.81.58E-20 
3 . 5 0 6 8 E - 2 2 
3.8921.E-2I. 
2 . 3 3 0 2 E - 2 6 
8 . 8 1 8 1 E - 2 9 
2.21.32E-30 
1.21.65E-31 










2 .2873E-01 . 
3 . 7 2 1 5 E - 0 I . 
7 .93l .3E-0«, 
1 . 2 6 8 6 E - 0 3 
1 . I .853E-03 
1 . 3 3 2 2 E - 0 3 
9 .6598E-0I . 
5 .9078E-0I . 
3 . 1 2 3 5 E-0 1 . 
l . i , i . i .9E-0 i . 
5 . 8 7 2 6 E - 0 5 
2 . 0 9 1 3 E - 0 5 
6 .1 .627E-06 
1 . 7 0 5 0 E - 0 6 
3 .7511.E-07 
6.6686E-08 
g. l i .g8E-09 
8.991.3E-10 
5 .1 .639E-11 
1 . 3 2 9 1 E - 1 2 
0. 
6 . 3 3 9 8 E - 1 6 
0 . 
5 . 2 1 6 0 E - 1 8 
0 . 


































0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 1 , 1 
. 1 1 1 1 
. 1 1 , 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 1 . 
.1 ,071. 
.1.1.1.1. 
. 1 . 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 1 . 0 7 
. 7 7 7 8 
. 8 1 1 . 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 g 
. g 6 3 0 
1 . 0 0 0 0 
Y/RN 
0 . 
1 . . 5 5 7 5 E - 0 I , 
1 . 0 5 5 1 E - 0 3 
1 . 7 g 0 7 E - 0 3 
2 . 6 i . l , 5 E - 0 3 
3 . 5 9 0 9 E - 0 3 
4 . 6 0 i , O E - 0 3 
5 . 6 6 2 5 E - 0 3 
6 . 7 5 0 0 E - a 3 
7 . 8 5 i , 3 E - 0 3 
8 . 9 6 7 5 E - 0 3 
1 . 0 0 8 5 6 - 0 2 
1 . 1 2 0 1 . E - 0 2 
1 . 2 3 2 ' . £ - B 2 
1 . 3 i . i , 3 E - 0 2 
l . i , 5 6 3 E - a 2 
1 . 5 6 8 3 E - 0 2 
1 . 6 8 a 3 E - 0 2 
1 . 7 q 2 3 E - 0 2 
i.go'.SE-az 
2 . 0 1 6 i » E - a 2 
2 . 1 2 8 i . E - a 2 
2 . 2 i , 0 5 E - 0 2 
2 . 3 5 2 6 E - a 2 
2 . i » 6 i . 3 E - 0 2 
2 . 5 7 7 1 E - 0 2 
2 . 6 8 9 b E - 0 2 
2 . a 0 2 2 E - 0 2 
V 
8 . 9 5 7 6 E - 0 2 
5 . 0 0 3 7 6 - 0 2 
- 6 . 7 5 8 1 . E - 0 2 
- 2 . 5 7 9 6 E - 0 1 
- 5 . 1 0 1 . Q E - D 1 
- 8 . 1 1 0 3 E - 0 1 
- 1 . 1 1 , 5 9 6 + 00 
- 1 . 5 0 3 g 6 + 0 0 
- 1 . 8 7 7 6 6 + 0 0 
- 2 . 2 6 3 0 6 + 0 0 
- 2 . 6 5 8 5 6 + 0 0 
- 3 . 0 6 3 1 . 6 + 00 
- 3 . 1 . 7 7 5 6 + 00 
- 3 . g 0 0 7 6 + 0 Q 
- 1 . . 3 3 3 0 E + 00 
- 1 . . 7 7 1 , 5 6 + 00 
- 5 . 2 2 5 2 E + 0 0 
- 5 . 6 8 i , 9 E + 00 
- 6 . 1 5 3 8 E + Q 0 
- 6 . 6 3 1 8 6 + 0 0 
- 7 . 1 1 9 0 E + 0 0 
- 7 . 6 1 5 3 6 + 0 0 
- 8 . 1 2 0 7 E + 0 0 
- 8 . 6 3 5 2 6 + 0 0 
- 9 . 1 5 8 9 E + 0 3 
- g . 6 9 1 7 E + 0 0 
- l . Q 2 3 i , E + a i 













0 . ' 















- 1 . 8 2 2 6 E - 0 1 
06NSITY 
1 . 2 i . 0 a E - 0 3 
g . 0 1 i , 2 E - 0 l . 
7 . 1 0 7 g E - O i , 
5 . 9 5 6 7 E - 0 1 , 
5 . 2 5 6 5 E - 0 1 . 
' • . 8 3 3 0 E - 0 1 . 
1 . . 5 7 6 3 E - 0 1 . 
1 . . 1 . 217E-01 . 
1 . . 3 3 2 I . E - 0 1 . 
1 . . 281 .7E-01 . 
1 . . 2 6 1 6 E - 0 1 . 
I . . 2 5 1 8 E - 0 I . 
l , . 2 i , 8 1 E - 0 l . 
1 . . 2 4 6 8 E - 0 I . 
i . . 2 i . 6 ' t E - 0 i . 
I . . 2 I . 6 3 E - 0 1 . 
1 . . 2 1 . 6 1 E - 0 I . 
I . . 2 4 6 0 E - 0 1 , 
i , . 2 4 5 7 E - 0 i . 
i , . 2 i . 5 3 E - 0 i . 
1 . .21.1.7E-01, 
1,. 21,3 7 6 - 0 1 , 
1 . . 2 1 . 2 3 E - 0 1 . 
i . . 2 < . 0 1 E - 0 t , 
I . . 2 3 6 9 E - 0 1 . 
I . . 2 3 2 3 E - 0 1 . 
i , . 2 2 5 9 E - 0 l , 
1 . . 2 1 7 1 E - D I . 
TIME LEFT =1.39.613 SEC 
QCONO = -1.15002E+06 
QOIFF = -6.912226+05 
QCONV = 1.028i.i.E+a5 
QTOTAL = -1.738i,0E + 06 
0T0TAL(BTU/FT2-SEC) = -2.23i,00E + 03 
STANTON NUMBER = 1.82qQ2E-02 













CTH = l.OOOOOE+OB, BODY PROFILES. 
ELECTRON 
DENSITY 
3 . 9 7 8 8 E + 1I. 
I . . 2 5 5 5 E + 11, 
6 . I . 9 0 5 E + 11. 
1 .0251 .E + 15 
l . i . 7 9 a E + 1 5 
1 . 9 t 8 1 E + 1 5 
2 . 2 7 7 0 E + 1 5 
2 . 5 3 6 6 E + 1 5 
2 . 7 0 5 0 E + 1 5 
2 . 8 0 2 7 E + 1 5 
2 . 8 5 3 1 E + 1 5 
2 . 8 7 6 1 E + 1 5 
2 . 8 8 5 5 E + 1 5 
2 . 8 8 8 9 E + 1 5 
2 . 8 g O O E + 1 5 
2 . 8 9 0 1 . E + 1 5 
2 . 8 9 0 6 E + 1 5 
2 . 8 9 0 8 E + 1 5 
2 . 8 9 1 2 E + 1 5 
2 . 8 g i 8 E + 1 5 
2 . 8 9 2 8 E + 1 5 
2 . 8 9 1 . 2 E + 1 5 
2 . 8 9 6 1 . E + 1 5 
2 . 8 9 9 7 E + 1 5 
2.901.1.E + 15 
2 . 9 1 1 1 E + 1 5 
2 . 9 2 0 5 E + 1 5 
2 . 9 3 2 7 E + 1 5 
TOTAL 
ENTHALPY 
5 . 0 2 8 i , E + 0 7 
7 . 3 2 1 3 E + D 7 
9 . 7 5 1 . 5 E + 0 7 
1 . 2 1 8 3 E + 0 8 
1 .1 .1 .22E+08 
1 . 6 3 1 7 E + 0 8 
1 . 7 7 8 1 . E + 0 8 
1 . 3 8 1 5 E + 0 8 
1 . 9 i » 6 a E + 0 8 
1 . 9 8 3 6 E + 0 8 
2 . 0 0 2 1 E + 0 8 
2 . 0 1 0 2 E + 0 8 
2 . 0 1 3 I . E + 0 8 
2 . 0 1 4 5 E + 0 8 
2 . 0 1 I . 8 E + 0 8 
2 . 0 1 I . 9 E + D 8 
2 . 0 1 i , 9 E + 0 8 
2 . 0 1 i , 9 E + 0 8 
2 . 0 H , 9 E + 0 8 
2 . 0 1 i , 9 E + O B 
2 . 0 H . 9 E + 0 8 
2 . 0 1 6 0 E + 0 8 
2 . 0 1 5 0 E + 0 a 
2 . 0 1 5 0 E + 0 8 
2 . 0 1 5 0 E + 0 8 
2 . a i 5 1 E + D B 
2 . 0 1 5 2 E + 0 8 
2 . 0 1 5 2 E + 0 8 
RHO V = 2.0i,528E-03 
HEAT TRANSFER = 5.1.3769E-01 
HEAT TRANSFER, BODY = I, .BB06«,E-01 
ISPLACEMENT THICKNESS/RN = 5 .9i.92l.E-03 
MOMENTUM THICKNESS = 3 .71.320E-01. 
L AT BODY = 1.37681E+00 






























1-TH BODY PROFILE. 
RHOMUREF = 1 . 6 2 5 2 8 E - 0 9 
PE = 1 .261 .7QE+0I . 
TE = 1 . 2 6 2 6 0 E + 0 I . 
UE = 1 . 3 3 0 7 0 E + 0 2 
DPEO = 0 . 
OPEl = - 2 . 6 7 2 g 2 E + 0 3 
BEB = - 1 . I . 9 1 0 7 E - 0 1 
ETE = 1 . 5 0 0 0 0 E + 0 1 
RHOMUREF = 1 . 6 2 5 6 1 E - 0 9 
ETA 
0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 1 . 1 
. 1 1 1 1 
. 1 1 , 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 1 , 
. 1 . 0 7 ' . 
.1 .1,1.1, 
. 1 . 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 1 , 0 7 
. 7 7 7 8 
. 8 1 1 . 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
1 
- 6 . 5 3 8 3 E - 0 3 
- 3 . 7 0 5 3 E + 0 0 
- 1 . 1 9 3 0 E + 0 1 
- 2 . 0 5 5 9 E + 0 1 
- 2 . 1 0 1 9 E + a i 
- 1 . 1 9 5 i . E + a i 
- 2 . 5 9 g 0 E + 0 O 
2 . 5 i , l l E + aO 
1.. 2 6 9 9 6 + 0 0 
h. 1 8 9 2 E + 00 
3 . i . 2 7 g E + 0 0 
2 . 6 i , 7 2 E + 00 
2 . 1 2 5 0 E + 0 0 
1 . e 7 7 0 E + 0 0 
1 . 8 1 0 7 E + Q 0 
1 . 8 3 8 0 E + 0 0 
1 . 9 1 7 1 E + 0 0 
2 . 0 1 . 9 1 E + 00 
2 . 2 6 3 1 E + 0 0 
2 . 6 Q 8 i , E + 00 
3 . 1 5 5 8 E + 0 0 
1 . . 0 0 5 9 6 + 00 
5 . 2 9 9 6 E + 0 0 
7 . 2 3 3 7 E + 0 0 
1 . 0 0 8 1 E + 0 1 
1 . 1 . 2 2 2 E + 0 1 
2 . 0 2 1 1 E + 0 1 
2 . 8 8 0 5 E + Q 1 
2 
- 1 . 1 5 I . 9 E + 02 
- 5 . 9 i , 7 3 E + 01 
- 1 . . Z 7 6 7 E + 0 1 
- 3 . 5 7 0 1 E + 0 1 
- 2 , 5 1 0 3 E + 0 1 
- 1 . 1 1 . 8 5 E + 01 
- 2 . 3 1 . 3 B E + 00 
1 . 2 2 1 5 E + 0 0 
1 . 6 8 9 6 E + 0 D 
1 . 0 3 1 5 E + 0 0 
2 . 0 a 8 3 E - 0 1 
- 1 . . 1 9 5 9 E - 0 1 
- 7 . 8 9 6 i . E - 0 1 
- 9 . 5 7 9 1 6 - 0 1 
- 1 . 0 0 6 7 E + 0 0 
- 9 . 9 8 Z 5 E - 0 1 
- 9 . 6 2 5 7 E - 0 1 
- g . 0 3 3 9 E - 0 1 
- 8 . 0 8 6 8 E - 0 1 
- 6 . 5 6 6 5 E - 0 1 
- i , . 1 6 0 6 £ - 0 1 
- 1 . . 3 1 2 1 . E - 0 2 
5 . 2 3 3 1 E - 0 1 
1 . 3 6 7 7 E + 0 0 
2 . 6 0 5 3 6 + 0 0 
1 . . 3 9 3 1 E + 00 
6 . 9 1 . 5 8 E + 0 0 
1 . 0 5 6 0 E + 0 1 
XO = 
X 1 / 2 = 
XI = 
RBO = 
RB 1 / 2 = 
RBI = 
3 
- i . . ' . i . 5 i . E + 02 
- 1 . 8 2 1 2 E + 0 2 
- 1 . 2 2 7 3 E + 0 2 
- 1 . 0 7 7 8 E + 0 2 
- 8 . 5 1 9 9 E + 0 1 
- 1 . . 3511.E + 01 
- 7 . 0 2 2 9 E + 0 0 
1 . 0 7 3 3 E + a i 
1 . 1 . 0 9 2 E + 0 1 
1 . 0 9 i t 5 E + 01 
6 .1 .781.E + 00 
2 . 9 5 1 . 9 E + 0 0 
8 . 6 0 1 7 E - 0 1 
- 9 . 5 2 0 0 E - 0 2 
- 3 . 7 3 3 8 E - 0 1 
- 3 . 2 7 5 7 E - 0 1 
- 1 . 2 7 9 9 E - 0 1 
2 . 0 3 2 8 E - 0 1 
7 . 3 3 2 1 E - 0 1 
1 . 5 8 3 1 . E + 00 
2 . 9 2 7 6 E + 0 0 
5 . 0 0 8 6 E + 0 0 
8 . 1 6 2 9 E + 0 0 
1 . 2 8 5 1 E + 0 1 
1 . 9 6 9 2 E + 0 1 
2 . 9 5 1 0 E + a i 
1.. 31.01E + 01 
6 . 2 9 3 0 E + 0 1 
S = l .OOOOE-OZ 
INTERPOLATED EDGE CONDITIONS 
0 . LAMBDA = 0 . 
< » . 1 6 6 6 7 E - 0 i . LAMBDA 1 / 2 = 1 . 8 7 7 2 9 E - 1 I . 
8 . 3 3 3 3 3 E - 0 1 . LAHB01 
0 . 
I . . 1 6 6 6 5 E - 0 I . 
B . 3 3 3 i g E - 0 l . 
X(K) 
1. 
- 8 . 8 I . 7 0 E + 00 
- 1 . 1 6 0 2 E + 0 2 
- 1 . 5 7 1 B E + 0 2 
- 1 . 8 3 8 7 E + 0 2 
- 1 . 6 0 9 3 E + 0 Z 
- B . 7 0 3 Z E + 0 1 
- 2 . 0 6 0 3 E + 0 1 
1 . 1 8 9 1 E + 0 1 
1 . 8 B 2 9 E + 0 1 
1 . 3 7 3 3 E + 0 1 
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- 1 . 2 8 2 7 E + 0 0 
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- 7 . 8 9 0 7 E + 0 0 
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- 1 . 5 8 5 9 E + 0 d 
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- 9 . 0 9 7 0 E - 1 3 
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- 1 . 0 2 9 1 E - 0 1 
- 5 . 8 8 2 5 E - 0 2 
- I . . 0 1 5 3 E - 0 2 
- 2 . " 9 g i 7 E - 0 2 
- 2 . 0 2 8 3 E - 0 2 
- 1 . 0 9 5 0 E - 0 2 
- 1 . . 1 . 5 1 0 E - 0 3 
- 1 . 3 1 . 8 5 E - 0 3 
- 3 . 0 6 6 0 E - 0 1 . 
- 5 . Z 7 i 2 E - 0 5 
- 6 . 8 i , 7 9 E - 0 6 
- 6 . 6 3 I . 1 . E - 0 7 
- ' . . 6 6 i , 5 E - 0 8 
- 2 . 2 8 1 3 E - 0 9 
- 7 . 3 0 6 1 E - 1 1 
- 1 . ' . 0 2 1 E - 1 2 
- 1 . 3 9 8 9 E - 1 1 . 
- 5 . 5 Z 5 3 E - 1 7 
- i , . 1 7 l 9 E - 2 0 
8 . i , 2 9 2 E - 2 i . 
- l . 7 5 7 i . E - 2 7 
6 . 1 9 0 6 E - 2 8 
- 2 . 2 7 3 i . E - 3 1 
2 . g 3 0 1 E - 3 1 
- 1 . 2 3 6 7 E - 3 I . 
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X I I = 
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EBttR = 
- - • 
a 
- 5 . 7 5 7 Z E - 0 6 
- 2 . 0 6 5 1 E - 0 6 
6 .2305E-D6 
2 . a 2 i e E - 0 5 
2."6i.36E-ff5 
1 . 7 2 7 2 E - 0 5 
6 . 2 7 9 7 E - 0 6 
1.1 .153E-06 
2 . l 0 3 0 E - 0 r 
2 . 1 1 8 5 E - 0 8 
1.1.56I.E-D9 
6 . 7 5 3 3 E - 1 1 
2.0501.E-12 
3 . B 8 7 3 E - H . 
1. .3101E-16 
2 . 5 6 0 8 E - 1 8 
7 . 2 2 5 3 E - 2 1 
8 .1055E-21 . 
I , . I . 7 1 S E - 2 7 
i . . 0 1 i a E - 2 9 
1 . 9 1 3 8 E - 3 1 
2 . 3 3 6 0 E - 3 2 
0 . 





3 . 1 2 8 8 6 E - 1 7 
0 . 
1.561.I.3E-17 
3 . 1 2 8 8 6 E - 1 7 




- 1 . 1 3 6 2 E + 0 1 
- 7 . 0 0 8 8 E + 0 0 
-1 . .9939E + 00 




- i . . 0 8 6 a E * e o 
- 1 . 3 1 2 B E + 0 1 
- 1 . 9 1 3 5 E + 0 1 
- 2 . 2 7I5F+l iTr^i . 0 81 . /£• a i 
- 6 . B 5 3 3 E - 0 1 
5 . 0 6 7 B E - 0 2 
1 . 5 2 5 3 E - 0 1 
8.3I.9I.E-02 
2 . 9 0 5 5 E - 0 2 
r ;355 iT-ar3 
1 . 3 9 5 9 E - 0 3 
1.8831.E-01. 
8 . 6 7 1 8 E - 0 6 
- 5 . 7 1 3 ' . E - 0 6 
- 2 . 7 0 0 3 E - 0 6 
-7 .21 .81E-07 
- 1 . 3 1 6 1 E - 0 7 
- l . 5 7 9 i . E - 0 8 
- 1 . 1 0 5 8 E - 0 9 
- 3 . 7 a 5 2 E - 1 2 
9 .7B90E-13 
0 . 
5 . 0 1 0 0 E - 1 5 
0 . 
9 . 9 1 8 0 E - 1 7 
0 . 
0 . 
6 .3 ia9E«aO 
1 . 8 5 2 0 E * 0 i 
2 . 1 7 9 2 E » e i 






- 1 . 5 1 6 1 E - B 1 
- 1 . 9 7 5 6 E - 0 1 
- 1 . 2 ' . 6 2 E - B 1 
- Z . 8 8 9 7 E - 8 3 
1 . 7 7 1 2 E - 0 1 
1. .5773E-01 







































0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 1 , 1 
. 1 1 1 1 
. 1 1 . 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 1 . 
.1 .071. 
. 1 . 1 . 1 . ' . 
. 1 , 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 1 . 0 7 
. 7 7 7 8 
. 8 1 1 , 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
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2 . 2 7 5 8 E - 0 1 
- 1 . 7775E + B2 
- 3 . 0 2 i . a E + 02 
- Z . 9 5 0 5 E + 0 2 
- 1 . 7 3 2 3 E + 0 2 
- 3 . 3 6 3 5 E + 01 
i . . g 5 1 l . E + a i 
8 . 3 i , 0 0 £ + 01 
7 . 5 0 6 7 E + 0 1 
i , . 3 7 8 3 E + 01 
7 . 96gZE + 00 
- 2 . 0 7 0 3 E + 0 1 
- 3 . 9i .7aE + 01 
- i . . 6 9 6 i , E + J l 
- 1 . . g 7 8 2 £ + Bl 
- 5 . a B 5 1 E + Q l 
- i , . q 5 3 3 £ + a i 
- I t . d928E + a i 
- ' , . 7 9 2 g E + 01 
- 1 , . 6 6 3 2 6 + 01 
- i . . 4 6 7 ' . E + 01 
- 1 , . 171,66 + 01 
- 3 . 7 1 , 7 5 6 + 01 
- 3 . I'.SOE + Ol 
- 2 . 3 1 8 7 6 + 0 1 
- 1 . 2 3 5 8 E + 0 1 
2 . 5 8 8 3 E + 0 0 
3 . 9 6 7 5 E + 0 1 
1 2 
- 2 . 7 6 7 8 E + 0 1 
- 2 . 2 9 6 1 , 6 + 01 
- 7 . 1 1 , 3 6 6 + 0 0 
- 2 . 7 3 2 7 6 + 0 1 
- 6 . 9 3 8 2 5 + B l 
- 8 . i , 0 5 5 E + 0 1 
- 6 . 1 . 6 1 . 9 6 + 01 
- 3 . 5 6 6 7 6 + 0 1 
- l . i , 9 g 8 c + 01 
- 5 . 0 1 3 6 6 + 0 0 
- 1 . 3 g i 6 6 + 0 0 
- 3 . 3 2 8 0 6 - 0 1 
- 6 . 6 5 2 6 E - 0 2 
- 8 . 3 g 6 2 6 - 0 3 
8 . 0 3 8 1 6 - 0 1 , 
8 . 5 5 5 6 E - 0 1 , 
2 . 7 3 1 3 6 - 0 1 . 
5 . 3 3 3 3 6 - 0 5 
b . 6 1 B 7 E - 0 6 
1 , . 6 6 5 3 6 - 0 7 
1 . 6 i . g 3 6 - o g 
- 3 . 9 5 7 5 6 - 1 0 
0 . 
- 1 . 8 1 1 * 1 6 - 1 2 
0 . 


































. 0 3 7 0 
. 0 7 1 , 1 
. 1 1 1 1 
. 1 1 , 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 1 , 
.1 .071. 
.I.I.I.' . 
. 1 . 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 1 , 0 7 
. 7 7 7 8 
. 8 1 1 , 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 g 
. g 6 3 0 
1 . 0 0 0 0 
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2 . 7 g 8 3 E - 0 3 
- i , . 0 0 6 3 E - 0 1 
- 8 . 0 1 0 2 E - 3 1 
- 8 . 6 7 6 b E - B l 
- 5 . 6 7 b 7 E - 0 1 
- 3 . 1 1 . 1 , 1 E - B 1 
- 2 . 3 i a i E - a i 
- 2 . 0 6 1 0 E - 0 1 
- 1 . 6 2 0 0 E - 0 1 
- 1 . 0 1 2 8 E - 0 1 
- 5 . 0 3 2 5 E - a ? 
- 2 . B 2 8 8 E - a 2 
- 6 . 7 7 3 a E - 0 3 
- 1 . 8 g 6 1 E - 0 3 
- l , . i , ' , q i , E - 0 1 , 
- a . 6 1 9 2 E - B 5 
- 1 . 3 3 5 8 E - a 5 
- l . 5 7 3 i . E - 0 6 
- 1 . 2 8 9 3 6 - 0 7 
- 6 . 1 7 i , 0 E - Q 9 
- 2 . 3 5 3 0 E - 1 1 
3 . 2 l , 0 1 E - 1 2 
n. 
1 . 2 2 8 0 6 - 1 1 , 
0 . 




6 . ' . 1 6 g E 
- 1 . 2 1 5 6 E 
1 , .8551 .6 
2 . 8 3 6 5 6 
1 . 7 5 6 6 6 
2 . 8 9 0 8 6 
2 . 1 2 2 5 6 -
g . 3 8 6 1 E -
- 1 7 
- 0 9 
- 0 8 
- 0 6 
- 0 5 
- 0 5 
- 0 5 
- 0 6 
2 . 8 g O g E - 0 6 
6 . 6 1 3 6 E - - 0 7 
1 . 1 5 3 3 6 - 0 7 
1 . 5 3 7 1 . 6 -
1 . 5 1 . 3 7 6 -
1 . 1 3 3 6 6 -
5 . 8 3 3 1 6 -
1 . 9 8 1 , 7 6 -
1 . . 1 1 2 8 6 -
i , . 5 6 8 5 £ -
- 0 8 
- 0 9 
-10 
- 1 2 
- 1 3 
•15 
•17 
2 . 1 6 1 6 E - i g 
2 . 5 3 5 7 6 -
- 2 . 3 0 6 1 6 -
0 . 
- 1 . 8 5 0 5 6 -
' , . 8 7 0 9 6 -
- a . S 5 2 2 £ -
1 . 8 5 8 3 E -










5 . i , 5 1 0 E - 0 2 
9 . 1 5 g 3 E + 00 
1 . 1 0 2 5 6 + 01 
2.1,1,1,86 + 01 
7 . 7 6 9 2 E + 0 1 
9 . 7 5 7 i , E + 01 
7 . 9 3 3 7 E + 0 1 
i , . 8 7 i , 0 E + 01 
2 . ' . 6 6 6 E + n i 
1 . 1 0 8 1 E + 0 1 
I . . 6 9 2 0 E + 0 0 
1 . 8 7 8 9 E + 0 0 
6 . 9 0 5 3 E - 0 1 
2 . 2 1 8 2 6 - 0 1 
6 . 0 0 1 i . E - n 2 
1 . 3 2 6 0 E - 0 2 
2 . 3 0 9 i , E - 0 3 
3 . 0 1 7 2 E - 0 ' . 
2 . 7 2 0 2 E - 0 5 
1 . 1 , 8 7 5 6 - 0 6 
5 . 1 . 3 1 . 9 6 - 0 9 
5 . 1 2 2 9 6 - 1 0 
8 . 0 1 9 0 E - 1 2 
h.0327E-12 
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2 . 5 0 2 2 E -
1 . 5 g g 8 E -
- 0 6 
• 0 1 . 
1 . 2 3 3 5 E - 0 3 
2 . g 2 9 7 E -
3 . 1 3 3 5 E -
1 . 9 7 7 g E -
9 . 1 2 5 5 E -
3.hSS0E-
1 . 1 6 8 6 E -
- 0 3 
- 0 3 
• 0 3 
01. 
- 0 1 . 
• 0 1 . 
3 . 5 7 1 ' , E - 0 5 
1 . 0 6 7 7 E -
3 . 3 1 . 1 , 2 6 -
1 . 0 7 1 8 6 -
3 . 1 8 0 6 £ -






1 . 6 3 1 3 E - 0 8 
2 . 5 7 0 1 6 -
2 . 9 9 3 7 E -
2 . ' , 1 3 6 6 -
1 . 1 8 5 1 6 -
- 1 . 3 7 2 1 . 6 -
- 7 . 3 i . 0 i . E -
0 . 
- 5 . 0 i . 1 0 E -
0 . 












6 . 7 0 3 9 E - - 1 1 
- 6 . 1 1 7 8 E - B 7 
- 6 . 9 b 9 8 E -
- l . ' . 2 2 5 E -
7 . 6 3 ' . 1 E -
3 . 2 I . 6 7 E -
- 0 6 
- 0 5 
-Ob 
• 0 5 
3 . 1 1 8 2 E - 0 5 
1 . 7 7 i , 7 E - 0 5 
7 . 3 2 1 9 E - -Ob 
2 . 6 0 0 5 E - 0 6 
1 . 0 2 6 7 E - 0 6 
1 . . 8 8 8 1 E - 0 7 
2 . 2 8 8 6 E - •07 
9 . 0 1 6 7 E - 0 8 
2 . 8 ' , 5 i . E -
7 . 0 6 6 8 E -
1 . 3 5 0 6 E -
1 . 9 0 9 D E -
1 . 8 5 0 2 E -
1 . 0 3 0 0 E -
3 . 9 3 5 1 E -






• 1 2 
•15 
• l b 
6 . 2 9 8 5 E - 1 8 
- 3 . i , 2 ' . l E -
0 . 






1*. 1 6 2 2 E - 0 3 
9 . 8 l , 8 6 E - 0 2 
6 . 7 0 0 0 E - 0 2 
i , . 2 6 2 7 E - 0 2 
3 . 0 1 5 6 E - 0 2 
1 . 9 9 2 2 E - 0 2 
1 . 0 6 6 1 E - 0 2 
I . . 3 2 1 1 E - 0 3 
1 . 3 0 6 0 E - 0 3 
2 . 9 5 6 7 E - 0 ' . 
5 . O i , 8 1 E - 0 5 
6 . 5 0 ' , 5 E - 0 6 
6 . 2 6 8 9 E - 0 7 
i , . » , 3 0 6 E - 0 8 
2 . 2 2 8 1 E - 0 9 
7 . 6 6 6 3 E - 1 1 
1 . 7 2 0 2 E - 1 2 
2 . 3 6 0 2 E - 1 1 . 
1 . 7 7 7 5 E - 1 6 
5 . 6 6 8 2 E - i g 
3 . 6 1 6 1 E - 2 1 
0 . 
2 . 3 9 7 9 E - 2 5 
8 . 8 5 g 6 E - 3 2 
l . l i g 2 E - 2 8 
1 . 2 6 9 5 E - 3 ' . 
1 . 3 0 3 8 E - 3 1 
0 . 
Zh 
- 3 . 3 8 5 1 E -
- 1 . 9 0 1 . 2 E -
6 . 0 8 9 2 E -
- 0 8 
• 0 6 
• 0 6 
2 . 0 3 7 2 E - 0 5 
2 . 6 8 8 5 E -
1 . 7 5 7 6 6 -
- 0 5 
- 0 5 
6 . 1 . 0 3 7 6 - 0 6 
1 . 1 . 5 0 6 6 -
2 . 1 7 2 g 6 -
2 . 2 1 2 g 6 -
1 . 5 1 . 1 6 6 -
7 . 2 6 0 2 6 -
2.21.1.1,6-
i , . 3 i . 6 5 E -
• . . g ^ S S E -
- 0 6 
- 0 7 
- 0 8 
• 0 9 
• 1 1 
- 1 2 
• 1 1 . 
• 1 6 
3 . 0 3 5 2 E - 1 8 
8 . 9 2 7 3 E - - 2 1 
1 . 0 5 i , 7 E - 2 3 
3 . 7 0 0 i , E -
- 7 . i , 9 7 2 E -
- i , . 6 8 0 3 E -
- 5 . 6 g 5 6 E -
2 . 0 1 l , l , E -
- l . . 7 1 l , 6 E -
0 . 











- 3 . 0 0 5 9 E - 0 7 
- 2 . 5 5 0 6 6 - 0 8 
2 . 6 2 7 7 E - 0 7 
1 . 2 7 9 8 E - 0 7 
i , . 7 0 8 8 E - 0 8 
1 . 1 5 g a E - 0 8 
1 . 8 5 g 6 E - 0 9 
2 . 0 3 2 6 E - 1 0 
1 . 5 0 1 . 3 E - 1 1 
7 . 1 8 3 2 E - 1 3 
2 . 0 9 8 8 E - 1 ' , 
3 . 5 7 8 6 E - 1 6 
3 . 3 8 ' , 5 E - 1 8 
1 . 6 6 2 3 E - 2 0 
3 . 8 6 9 0 E - 2 3 
3 . 7 3 3 6 E - 2 6 
l . Z O l O E - 2 9 
7 . 9 2 5 1 . E - 3 1 . 
6 . 9 1 . 1 . 3 E - 3 9 
5 . 1 2 0 7 E - 1 . 1 
1 . 0 8 1 0 E - 1 . 5 
5 . g 9 3 ' . £ - i . 8 
- 3 . 5 1 1 . 1 E - 5 6 
5 . 6 7 I . 1 E - 5 2 
- 7 . 6 6 3 5 E - 6 3 
2 . 8 1 6 g E - 5 5 
- 1 . 0 i . 2 ' . E - b a 
0 . 
16 1 7 l a 1 9 2 0 
- 9 . 0 1 5 3 E - 0 1 1 . 2 8 6 1 . E - 0 3 - 1 . 1 7 J 2 E - 0 2 2 . 2 6 3 1 6 - 0 6 1 . 7 6 3 3 E - B 2 
- 1 . 9 5 0 5 E + 0 0 1 . 5 1 9 7 E - 0 1 - 2 . 0 7 8 2 E - 0 2 - ' . . 5 8 3 5 E - 0 1 - 2 . 1 7 5 5 E + D 0 
- 2 . 3 1 . 6 3 E + 0 D 1 . . 8 2 7 9 E - 0 1 - 2 . B 2 0 5 E - 0 2 - 1 . 7 a 5 7 £ + 00 - ' . . l O ' . S E + O O 
- 1 . 8 7 1 0 E + 00 6 . 1 3 7 i , E - 0 1 - 1 . 3 1 5 8 E - U 2 - ' . . 1 . 1 6 3 E + 00 - I . . 6 9 5 7 E + 0 0 
- 1 . 0 2 3 7 6 + 0 0 i , . 2 6 5 1 E - 0 1 - 5 . 8 7 1 3 E - 0 3 - 7 . 6 1 6 5 E + 0 0 - i . . i a 5 1 E + 0 0 
- ' . . O ' . O g t - O l 1 . 9 6 6 1 . E - 0 1 - 1 . 8 ' . 2 a E - 0 3 - 9 . 6 9 3 7 E + aO - 3 . 7 1 0 6 E + 0 0 
- l . l S l l E - O l 6 . 8 8 5 2 E - 0 2 - ' . . ' . 0 1 7 E - 0 I . - 9 . 5 1 0 5 E + 0 0 - 3 . 2 3 1 7 E + 0 0 
- 2 . 0 9 8 6 E - 0 2 1 . 8 b 5 6 £ - 0 2 - 8 . 7 5 5 6 E - 0 5 - 7 .i.gO'.E+OO - 2 . 5 0 5 5 E + 0 0 
2 . 8 5 0 2 E - 0 3 3 . 0 3 5 2 E - Q 3 - 1 . 5 5 8 2 E - 0 5 - i . . 8 ' .68E + 00 - 1 . 6 3 1 . 1 . E + 0 0 
' , . 9 5 2 3 E - 0 3 - I . . 9 7 2 1 E - 0 1 . - 2 . 5 0 1 5 E - 0 6 - 2 . 5 9 6 6 E + 0 0 - 8 . 7 7 1 6 E - 0 1 
2 . 9 1 7 2 E - 0 3 - 7 . 0 0 7 0 E - 0 1 . - 3 . 3 1 . 7 9 E - 0 7 - 1 . 1 5 5 6 £ + aO - 3 . 8 5 2 0 E - 0 1 
1 . 2 5 5 7 E - 0 3 - 3 . 7 1 1 6 E - 0 1 . - 3 . 2 7 a 5 E - 0 8 - 1 . . 2 8 8 3 E - 0 1 - 1 . 3 8 6 7 E - 0 1 
' , . ' . l ' . 3 E - 0 ' . - l . ' . 3 9 0 E - 0 ' . - l . g 0 5 5 E - 0 9 - 1 . 3 2 9 3 E - 0 1 - I . . 0 9 5 9 E - 0 2 
1 . 3 0 7 1 . E - 0 I . - i , . 5 i , 7 9 E - 0 5 - l . ' . 8 7 5 £ - l l - 3 . ' . 2 6 6 E - 0 2 - 9 . 8 l . 7 i . E - 0 3 
3 . 2 6 5 8 E - 0 5 - 1 . 2 0 1 3 E - 0 5 7 . 0 O 6 1 E - 1 2 - 7 . 2 3 3 i . E - U 3 - 1 . 8 7 a 6 E - 0 3 
6 . 7 5 ' , 3 E - 0 6 - 2 . 6 2 3 6 E - 0 6 5 . b 8 3 6 £ - l 3 - l . 2 1 2 l . E - 0 3 - 2 . 6 e i i . E - 0 l . 
1 . 1 1 6 7 E - 0 6 - 1 . . 5 8 0 3 E - 0 7 2 . 0 2 8 1 . E - 1 ' . - 1 . 5 2 8 8 E - 0 I . - 2 . ' . 7 3 9 E - 0 5 
1 . 3 9 1 . 7 E - 0 7 - 6 . 0 3 6 8 E - 0 8 3 . 5 0 2 5 E - 1 6 - 1 . 3 0 6 3 E - 0 5 - 6 . 5 f a l l E - 0 7 
1 . 1 9 2 9 E - 0 8 - 5 . i , 5 2 7 E - 0 9 2 . 5 2 0 8 E - 1 8 - 5 . 7 1 I . I . E - 0 7 1 . 6 ' . ' . 2 E - 0 7 
5 . 5 2 6 1 E - 1 0 - 2 . 7 2 3 5 E - 1 0 i . . 7 ' . d O E - 2 1 3 . 5 3 5 3 E - 0 9 2 . 0 I . 7 6 E - 0 8 
3 . 3 7 6 0 E - 1 2 - 1 . 7 0 7 6 E - 1 2 1 . 0 1 8 7 E - 2 5 - 6 . 9 5 1 9 E - 1 2 7 . 2 2 b 6 E - l l 
- 9 . a i 7 3 c - l i , 5 . i , 7 3 5 E - l i . - 9 . 3 1 9 i . E - 2 9 - 2 . 0 1 1 5 6 - 1 1 - 1 . 2 a 3 5 E - l l 
i . . l 7 g 3 E - 1 5 - 2 . 2 0 5 0 E - 1 5 7 . 9 5 0 3 E - 3 2 3 . 1 7 0 8 E - 1 3 2 . 5 7 2 I . E - 1 3 
- 9 . 1 2 4 i . E - 1 6 5 . 1 5 7 8 E - 1 6 - 1 . 1 7 3 7 E - 3 2 - 2 . 1 7 I . 1 . E - 1 3 - 1 . 3 5 5 2 E - 1 3 
0 . 0 . 0 . 0 . 0 . 
- l . 3 1 5 l . E - 1 7 7 . 7 6 0 a E - 1 8 - 5 . 6 7 2 5 E - 3 6 - I . . 6 7 2 9 E - 1 5 - 2 . 7 8 2 0 E - 1 5 
0 . 0 . 0 . a . 0 . 
0 . 0 . _ 0 . 0 ^ 0 . 
2 6 
- i , . 0 7 i , 2 E + 0 0 " • " " 
- 1 . . 0 9 7 8 E + 0 0 
- 5 . 0 7 1 5 E + 0 0 • - . . . _ _ 
- i . . 3 9 g 5 E + 0 0 
- 2 . 2 3 3 0 E + 00 "" ^ • 
- 1 . 6 8 g 6 £ - 0 1 
1 . 0 2 3 0 E + 0 0 
l . i . 5 2 g E + 0 0 
1 . 3 2 2 6 E + 0 0 
8 . 3 7 2 3 E - 0 1 
2 . 5 4 9 3 6 - 0 1 — — : ..- _ _ 
- 2 . 2 3 3 5 E - 0 1 
- 5 . 2 5 D 3 E - 0 1 
- 6 . 7 i , g 3 E - 0 1 
- 7 . 3 1 8 2 E - 0 1 
- 7 . 4 6 1 9 E - 0 1 
- 7 . 4 7 2 0 E - 0 1 • • — — • 
- 7 . 4 6 8 6 E - 0 1 
- 7 . 4 8 7 3 E - 0 1 
- 7 . 5 4 2 5 E - 0 1 
- 7 . 6 5 4 9 E - 0 1 
- 7 . 8 6 0 8 E - B 1 
• 8 . 2 1 7 4 E - 0 1 - . - . - -
- 8 . d 0 5 0 E - 0 1 
• 9 . 7 1 3 7 E - 0 1 
- 1 . 0 g 5 0 E + 0 0 
• 1 . 2 0 0 4 E + 0 0 























































































































1 . 3 3 9 1 E - 0 1 
2 . 6 6 3 7 E - 0 1 
3 . 8 6 6 2 E - 0 1 
4 . 8 5 7 1 E - 0 1 
5 . 5 g 6 5 E - 0 l 
6 . 1 0 5 3 E - 0 1 
6 . 4 ' , 5 9 E - 0 1 
6 . 6 8 7 8 E - 0 1 
6 . 8 8 3 0 E - 0 1 
7 . 0 6 0 1 E - 0 1 
7 . 2 3 1 6 E - 0 1 
7 . 4 0 1 6 E - 0 1 
7 . 5 7 1 3 E - 0 1 
7 . 7 4 1 0 E - 0 1 
7 . g i l O E - 0 1 
8 . O a i 2 E - 0 1 
8 . 2 5 1 9 E - 0 1 
8 . 4 2 2 9 E - 0 1 
8 . 5 g 4 6 E - 0 1 
8 . 7 6 6 9 E - 0 1 
8 . g 4 0 0 E - 0 1 
g . l l 3 9 E - 0 1 
9 . 2 8 8 8 E - 0 1 
g . 4 6 4 8 E - 0 1 
9 . 6 4 1 9 E - 0 1 
9 . 8 2 0 2 E - 0 1 
1 . OOOQE+OO 
CI 
3 . 3 0 5 6 E - 0 3 
3 . 3 4 4 0 E - 0 3 
3 . 3 2 8 9 E - 0 3 
3 . 3 5 1 5 E - 0 3 
3 . 3 0 7 4 E - 0 3 
2 . 9 6 1 5 E - 0 3 
2 . 2 8 6 1 E - 0 3 
1 . 4 9 8 7 E - 0 3 
8 . 3 7 2 4 E - 0 4 
4 . 0 2 0 4 E - 0 4 
1 . 6 7 1 6 E - 0 4 
6 . 0 3 0 1 E - 0 5 
1 . 8 7 7 2 E - 0 5 
1,. 9 7 7 9 E - 0 6 
1 . l O l O E - 0 6 
1 . 9 7 n 8 E - 0 7 
2 . 7 3 1 7 E - 0 8 
2 . 7 3 1 2 E - o g 
1 . 7 Z 1 0 E - 1 0 
4 . 7 g 9 2 E - 1 2 
2 . 1 2 5 1 6 - 1 4 
9 . 6 0 7 7 E - 1 6 
0 . 
1 . 0 9 4 2 E - 1 7 
0 . 




4 . 2 7 5 9 E - 0 1 
5 . 7 4 0 9 6 - 0 1 
7 . 0 7 2 6 6 - 0 1 
8 . 1 7 2 7 6 - 0 1 
8 . 9 5 7 1 . 6 - 0 1 
9 . 4 3 7 1 6 - 0 1 
g . 6 g 9 5 E - 0 1 
9 . d 3 3 0 E - 0 1 
9 . 8 9 4 2 E - 0 1 
9 . 9 1 6 2 E - 0 1 
9 . 9 1 9 7 E - 0 1 
9 . 9 1 6 8 E - 0 1 
9 . 9 1 3 4 E - 0 1 
9 . 9 1 1 5 E - 0 1 
g . 9 1 0 8 E - 0 1 
9 . 9 1 0 d E - 0 1 
g . g i i i E - o i 





























































































1 . 7 2 7 5 E - 4 2 
0 . 




6 . 2 9 5 5 E - 0 1 
6 . 3 9 a 3 E - 0 1 
6 . 4 5 5 2 E - a i 
6 . 4 5 6 1 E - 0 1 
6 . 4 0 2 2 E - 0 1 
6 . 3 0 9 0 E - 0 1 
6 . 1 9 9 0 E - 0 1 
6 . 0 9 2 2 E - 0 1 
6 . 0 0 Z 0 E - 0 1 
5 . 9 3 4 2 E - 0 1 
5 . 8 8 8 5 E - 0 1 
5 . 8 6 1 1 E - 0 1 
5 . 8 4 6 7 E - 0 1 
5 . 8 1 . 0 3 E - 0 1 
5 . 8 3 B O E - 0 1 
5 . 8 3 7 4 E - 0 1 
5 . 8 3 7 3 E - 0 1 
5 . 8 3 7 i , E - 0 1 
5 . 8 3 7 6 E - 0 1 
5 . 8 3 7 8 6 - 0 1 
5 . 8 3 8 1 E - 0 1 
5 . B 3 8 7 E - 0 1 
5 . 8 3 9 5 E - 0 1 
5 . 8 I . 0 8 E - 0 1 
5 . B 4 2 8 E - 0 1 
5 . 8 4 5 6 E - 0 1 
5 . 8 4 9 6 E - 0 1 
5 . 8 5 5 4 E - 0 1 
CN 
2 . 2 6 8 3 E - 0 4 
3 . 6 9 2 0 E - 0 4 
7 . B 7 3 6 E - 0 4 
1 . 2 b O 3 E - 0 3 
1 . 4 7 7 4 E - 0 3 
1 . 3 2 b b E - 0 3 
9 . 6 2 8 5 E - 0 4 
5 . 8 9 4 8 E - 0 4 
3 . 1 Z 0 1 E - 0 4 
1 . 4 4 5 1 E - 0 4 
5 . B 7 9 9 E - 0 5 
Z . 0 9 6 1 E - 0 5 
6 . 4 8 3 Z E - 0 6 
1 . 7 1 1 6 E - 0 6 
3 . 7 6 B 5 E - 0 7 
6 . 7 0 2 1 E - 0 8 
9 . 1 9 6 8 E - 0 9 
9 . 0 3 9 2 E - 1 0 
5 . 5 0 0 0 E - 1 1 
1 . 3 6 3 4 E - 1 2 
6 . 2 9 7 5 E - 1 5 
5 . 7 1 0 9 6 - 1 6 
0 . 
4 . 8 8 B 7 E - 1 8 
0 . 




1 . 0 1 0 4 E - 0 3 
2 . 8 4 6 9 E - 0 2 
5 . 8 2 0 4 E - 0 2 
8 . 8 3 2 a E - 0 2 
1 . 1 7 3 8 E - 0 1 
1 . 4 4 3 1 E - 0 1 
1 . 6 e i Z E - 0 1 
I . B B O I E - O l 
2 . 0 3 5 9 E - 0 1 
2 . 1 4 8 7 E - 0 1 
2 . 2 2 2 9 E - 0 1 
2 . 2 6 6 4 E - 0 1 
2 . 2 a a 7 E - 0 1 
2 . 2 9 8 4 E - 0 1 
2 . 3 0 1 B E - 0 1 
2 . 3 0 2 8 E - 0 1 
2 . 3 0 2 9 E - 0 1 
2 . 3 0 2 9 E - 0 1 
2 . 3 0 2 8 E - 0 1 
2 . 3 0 2 7 E - 0 1 
2 . 3 0 Z 6 E : - 0 1 
Z . 3 0 2 4 E - 0 1 
Z . 3 0 2 2 E - 0 1 
2 . 3 0 1 8 E - 0 1 
2 . 3 0 1 2 E - 0 1 
2 . 3 0 0 3 E - D 1 
2 . 2 9 9 1 E - 0 1 
2 . 2 9 7 Z E - 0 1 
N 
5 . 9 5 8 8 E - 0 Z 
6 . 3 3 6 3 E - 0 2 
7 . 2 3 3 7 E - 0 2 
8 . 6 4 6 2 E - 0 2 
1 . 0 4 8 8 E - 0 1 
1 . 2 4 9 6 E - 0 1 
1 . 4 2 9 7 E - 0 1 
1 . 5 6 2 7 E - 0 1 
1 . 6 4 3 l E - 0 1 
1 . 6 a 2 0 E - 0 1 
1 . 6 9 5 8 E - 0 1 
1 . 6 9 8 3 E - 0 1 
1 . 6 9 7 I . E - 0 1 
1 . 6 9 6 3 E - 0 1 
1 . 6 g 5 B E - 0 1 
1 . 6 9 6 6 E - 0 1 
1 . 6 9 5 6 E - 0 1 
1 . 6 9 5 5 E - 0 1 
1 . 6 g 5 3 E - 0 1 
1 . 6 9 5 0 E - 0 1 
1 . 5 9 4 6 E - D 1 . 
1 . 6 9 3 9 E - 0 1 
1 . 6 9 Z 8 E - 0 1 
1 . 6 9 1 2 E - 0 1 
1 . 6 8 8 8 6 - 0 1 
1 . 6 8 5 4 E - 0 1 
1 . 6 8 O 4 F - 0 1 
1 . 6 7 3 6 E - 0 1 
NO 
0 . 
2 . 7 8 4 1 E - a 4 
1 . 4 6 1 B E - 0 3 
4 . 3 2 5 3 E - a 3 
7 . 9 0 5 7 6 - 0 3 
1 . 0 6 8 9 E - 0 2 
1 . 2 3 8 4 E - 0 2 
1 . 3 3 9 9 E - 0 2 
1 . 4 0 7 1 6 - 0 2 
1 . 4 5 4 3 E - 0 2 
1 . 4 8 6 3 E - 0 2 
1 . 5 0 5 9 E - 0 2 
1 . 5 1 6 3 E - 0 2 
1 . 5 2 1 0 E - 0 2 
1.S2ZBZ-V2 
1 . 5 2 3 5 E - 0 2 
1 . 5 2 3 8 E - 0 2 
1 . 5 2 4 2 E - 0 2 
1 . 5 2 5 0 E - 0 2 
1 . 5 2 6 1 E - 0 2 
1 . 5 2 8 D e - 0 2 
1 . 5 3 1 0 E - 0 2 
1 . 5 3 5 4 E - 0 2 
1 . 5 4 2 1 E - 0 2 
1 . 5 5 2 0 E - 0 2 
1 . 5 6 6 2 E - 0 2 
i T 5 5 6 J » e - i r r 
1 . 6 1 3 & E - 0 2 
NO* 
3 . 0 9 2 6 E - 0 5 
4 . 5 5 0 6 E - a 5 
8 . 8 0 2 7 6 - 0 5 
l . b 6 0 1 E - a 4 
2 . 7 1 6 3 E - 0 4 
3 . 8 3 1 2 6 - 0 4 
4 . 8 0 5 2 E - 0 4 
5 . 5 4 1 6 E - 0 4 
6 . 0 3 2 3 E - a 4 
6 . 3 2 0 & E - a 4 
6 . 4 6 9 5 £ - a 4 
6 . 5 3 7 2 E - 0 4 
6 . 5 6 4 3 6 - 0 4 
6 . 5 7 4 a E - a 4 
6.5773E^=TW 
6 . 5 7 8 4 E - 0 4 
6 . 5 7 9 1 E - 0 4 
6 . 5 7 9 a E - 0 4 
6 . 5 8 1 1 E - 0 4 
6 . 5 8 3 0 E - 0 4 
^ . ^ B 6 1 t - 0 4 
6 . 5 9 0 9 E - 0 4 
6 . 5 9 8 2 E - 0 4 
6 . b 0 8 9 E - a 4 
& . 6 2 4 4 E - 0 4 
6 . 6 4 6 3 6 - 0 4 
B . 6 7 5 8 t - 0 4 
6 . 7 1 2 5 E - a 4 
CO 
3 . a 5 & l E - 0 1 
2 . b 3 6 a E - 0 1 
2 . 1 7 B 2 E > 0 1 
1 . 7 0 1 7 E - 0 1 
1 . 2 4 2 6 E - a i 
a . 4 1 4 2 E - 0 2 
5 . 2 5 3 0 E - 0 2 
3 . a a 4 9 E - 0 2 
1 . 5 6 2 6 E - 0 2 
7 . 3 1 6 8 6 - 0 3 
3 . B 5 0 9 E - a 3 
1 . 1 1 9 1 E - 0 3 
3 . 5 6 1 6 E - a 4 
9 . 6 7 3 8 E - 0 5 
2 . 1 9 5 9 ^ - 0 5 ^ 
4 . 0 5 a O E - a 6 
5 . 8 2 7 S E - 0 7 
6 . 1 3 B 6 E - 0 8 
4 . 2 2 1 5 E - 0 9 
1 . 4 5 0 1 E - 1 0 








C 0 2 
6 . 7 5 1 b E - 0 4 
6 . 2 1 2 2 E - 0 4 
4 T 3 Z 7 8 E - U * 
2 . 4 9 1 6 E > 8 4 
1 . 2 7 a 6 E - 0 4 
b . l 8 1 7 E - 0 5 
3 . D 0 3 5 E - a S 
1 . 4 6 3 3 E - B $ 
6 . 9 6 9 4 E - 1 { 6 
3 . 1 3 a 8 E - a 6 
1 . 2 8 3 a E - 0 6 
4 . 6 6 8 4 6 - 8 7 
1 . 4 7 5 2 E - 8 7 
3 . 9 6 5 4 E - a 8 
8.8620E-^Tq^~ 
1 . 5 9 8 0 E - a 9 
2 . 2 2 6 1 E - 1 B 
2 . 2 3 4 7 E - 1 1 
1 . 4 1 8 7 E - 1 2 
4 . 1 0 0 0 E - 1 4 
X • c X Db c * X o 








































• 0 3 7 0 
. 0 7 1 , 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 4 
. 4 0 7 1 , 
. 4 4 4 1 . 
. 4 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 4 0 7 
. 7 7 7 9 
. 8 1 4 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 




4 . 5 5 0 7 6 - 0 4 
1 . 0 5 2 9 E - B 3 
1 . 7 8 6 4 E - 0 3 
2 . 6 3 8 2 E - B 3 
3 . 5 8 2 9 E - 0 3 
4 . 5 g 5 a E - 0 3 
5 . 6 5 3 0 6 - 0 3 
6. 7 ' , 0 2 E - 0 3 
7 . 8 i » i , 3 E - a 3 
8 . 9 5 7 5 E - 0 3 
1 . 8 0 7 1 . 6 - 0 2 
l . l i g 3 E - 0 2 
1 . 2 3 1 2 E - 0 2 
1 . 3 4 3 1 E - 0 2 
1 . 4 5 5 1 E - 0 2 
1 . 5 6 7 0 E - 0 2 
1 . 6 7 g O E - 0 2 
1 . 7 g 0 9 E - 0 2 
1 . 9 0 2 9 6 - 0 2 
2 . 0 1 4 9 E - 0 2 
2 . 1 2 6 9 E - 0 2 
2 . 2 3 8 9 E - B 2 
2 . 3 5 1 0 E - n 2 
2 . 4 6 3 1 E - B 2 
2 . 5 7 5 ' , £ - 0 2 
2 . 6 8 7 3 6 - 0 2 
2 . 8 0 a i , £ - a 2 
V 
8 . 9 7 7 5 E - 0 2 
5 . 3 6 5 7 6 - 0 2 
- 5 . ' , b 5 5 E - 0 2 
- 2 . 3 2 0 8 E - 0 1 
- 4 . 6 g 9 4 E - 0 1 
- 7 . 5 5 7 3 E - 0 1 
- 1 . 0 7 6 2 6 + 0 0 
- 1 . 4 2 0 4 6 + 0 0 
- 1 . 7 8 1 0 6 + 0 0 
- 2 . 1 5 3 7 6 + 0 0 
- 2 . 5 3 7 0 6 + 0 0 
- 2 . 9 3 0 0 6 + 0 0 
- 3 . 3 3 2 7 E + 0 0 
- 3 . 7 4 5 0 6 + 0 0 
- 4 . 1 6 6 8 E + 0 0 
- 1 . . 5 9 8 2 6 + 00 
- 5 . 0 3 9 2 6 + 0 0 
- 5 . 4 8 9 g E + a 0 
- 5 . 9 5 0 2 6 + 0 0 
- 6 . 4 2 0 3 6 + 0 0 
- 6 . 9 0 0 1 6 + 0 0 
- 7 . 3 8 9 3 6 + 00 
- 7 . 8 8 9 3 6 + 0 0 
- 8 . 3 9 8 8 6 + 0 0 
- 8 . 9 1 8 1 . E + BB 
- 9 . 4 4 8 1 5 + O a 
- 9 . 9 8 8 1 6 + 0 0 

































- 1 . 4 9 1 1 E - 0 1 





Q T 0 T A L < B T U / F T 2 - S 6 C ) = -
STANTON NUMBeR = 
R S » » ( 1 + J ) = 
R6YNOL0S NUMBE-? = 
' 
C F - I N F = 
1 . 1 4 2 4 6 6 + 0 6 
6 . 9 2 4 3 6 E + 0 5 
1 . 0 2 3 9 6 E + 0 5 
1 . 7 3 2 5 a E + 0 6 
2 . 2 2 6 4 2 E + 0 3 
1 . 8 1 9 9 1 6 - 0 2 
2 . 5 6 3 7 5 E - 0 7 
1 . 2 1 4 2 5 E + 0 1 














1 . 2 4 0 8 6 
g . 0 3 3 g 6 
7 . 1 2 8 1 6 
5 . 9 7 3 1 E 
5 . 2 6 7 8 6 
4 . 8 3 9 8 E 
4 . 5 7 9 8 E 
4 . 4 2 3 4 E 
4 . 3 3 3 3 E 
4 . 2 8 5 5 E -
4 . 2 6 2 g E -
4 . 2 5 3 4 E -
4 . 2 5 0 1 E 
4 . 2 4 9 0 E 
4 . 2 4 8 6 E -
4 . 2 4 8 5 E 
4 . 2 4 8 3 E -
4 . 2 4 8 2 E 
4 . 2 4 7 9 E -
4 . 2 4 7 5 E -
4 . 2 4 6 8 E -
4 . 2 4 5 8 E -
4 . 2 4 4 3 E -
- 0 3 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- B 4 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
• 0 4 
- 0 4 
- 0 4 
- 0 4 
• 0 4 
• 0 4 
- 0 4 
4 . 2 4 2 0 E - 0 4 
4 . 2 3 8 a £ - 0 4 
4 . 2 3 4 2 E -
4 . 2 2 7 8 E -
4 . 2 i g O E -
WALL MASS FLUX 
2 . 5 7 3 b 5 E - 0 7 
- 1 . 6 6 1 1 & E - 0 5 
- 2 . 7 2 7 3 0 E - 0 3 
- 3 . 2 1 1 5 9 6 - 0 8 
1 . 8 0 5 4 2 E - 0 5 
- 1 . 6 6 6 8 0 E - 1 1 
4 . 7 7 0 9 2 E - 0 3 
- 3 . 6 3 d 8 9 E - 1 0 
- 1 . 7 d l 5 9 E - 0 9 
- 9 . 5 4 7 2 1 E - 1 4 
- 1 . 2 7 7 8 i , E - 1 7 
- 1 . 2 2 2 5 6 6 - 1 0 
• 0 4 
• 0 4 




3 . 9 7 0 5 6 + 1 4 
4 . 2 5 3 8 6 + 1 4 
6 . 1 . 9 2 6 E + 1I. 
1 . 0 2 6 0 E + 1 5 
1 . 4 8 0 6 E + 1 5 
l . g i 8 6 E + 1 5 
2 . 2 7 7 1 E + 1 5 
2 . 5 3 6 I . E + 1 5 
2 . 7 0 4 d E + 1 5 
2 . 8 0 Z 8 E + 1 5 
2 . a 5 3 7 E + 1 5 
2 . 8 7 7 1 6 + 1 5 
2 . 8 8 6 8 E + 1 5 
2 . 8 9 0 3 E + 1 5 
2 . B 9 1 5 E + 1 5 
2 . 8 9 1 9 E + 1 5 
2 . 8 9 2 1 E + 1 5 
2 . a 9 2 3 E + 1 5 
2 . 8 9 2 7 E + 1 5 
2 . 8 9 3 3 E + 1 5 
2 . 8 9 4 2 E + 1 5 
2 . a 9 5 6 E + 1 5 
2 . 8 9 7 7 E + 1 5 
2 . 9 0 0 9 E + 1 5 
2 . 9 0 5 5 6 + 1 5 
2 . 9 1 1 9 6 + 1 5 
2 . 9 2 0 5 E + 1 5 
2 . 9 3 0 4 E + 1 5 
TOTAL 
ENTHALPY 
5 . 0 0 6 5 E + 0 7 
7 . 2 8 9 4 E + 0 7 
9 . 7 1 4 3 E + 0 7 
1 . 2 1 3 9 E + 0 8 
1 . 4 3 8 3 E + 0 B 
1 . 6 2 8 7 E + 0 8 
1 . 7 7 6 3 E + 0 8 
1 . 8 8 0 3 E + 0 8 
1 . 9 4 6 2 E + 0 8 
1 . 9 8 3 4 E + 0 8 
2 . 0 0 1 9 E + 0 8 
2 . a i 0 1 E + 0 8 
2 . 0 1 3 2 E + 0 8 
2 . 0 1 4 3 E + 0 8 
2 . 0 1 4 6 E + 0 8 
2 . 0 1 4 7 E + 0 8 
2 . 0 1 i , 7 E + 08 
2 . 0 1 4 8 E + 0 S 
2 . 0 1 i , 8 E + 08 
2 . 0 1 4 8 E + 0 8 
2 . a i 4 8 E + 0 8 
2 . 0 1 4 9 E + 0 8 
2 . 0 1 5 0 E + 0 8 
2 . 0 1 5 0 E + 0 8 
2 . 0 1 5 1 E + 0 8 
2 . 0 1 5 3 E + 0 8 
2 . 0 1 5 4 E + 0 8 
2 . 0 1 5 6 E + 0 8 
RHO V = 
HEAT TRANSFER = 
HEAT TRANSFER, BODY = 
DISPLACEMENT THICKNESS/RN = 
MOMENTUM THICKNESS = 
L AT BODY = 
SKIN FRICTION = 
TOTAL 
T DRAG COEF = 
P DRAG COEF = 
TOTAL DRAG = 
MASS FLOW FLOW (PAR/SEC) 
2 . 5 6 3 g B E - 1 0 
3 . 1 8 3 0 2 E - 0 7 
1 . 1 4 3 8 5 E - 0 7 
3 . 6 5 6 8 9 E - 0 8 
7 . 6 7 0 1 0 E - 0 9 
3 . 2 6 3 5 7 E - 1 0 
g . 3 g 6 4 8 E - 0 9 
1 . 1 9 9 7 6 E - 1 1 
2 . 5 7 6 1 3 E - 1 0 
3 . 1 4 3 9 1 E - 1 5 
i . g g o 2 6 E - i g 
9 . 8 2 2 8 0 E - 1 1 
7 . 0 i , 5 1 7 E + 1 6 
9 . 9 8 9 8 8 E + i g 
6 . 2 8 6 0 4 E + 1 9 
5 . 4 3 3 9 2 E + 1 9 
2 . 2 i , 7 4 6 £ + 1 8 
g . 5 6 2 7 5 E + 1 6 
2 . g 4 9 6 1 E + 1 8 
2 . 3 9 6 9 5 E + 1 5 
1 . 8 8 5 8 9 E + 1 7 
1 . 1 5 0 7 7 E + 1 2 
4 . 8 5 6 6 5 E + 0 7 















• - — -
— 
— • • — • — 
.04528E-f l3 





. 4 3 g o g E - o i 
. 8 3 0 8 3 6 - 0 7 
. g i l 7 1 E + 0 0 































RHOMUREF = 2 . 2 3 1 8 1 E - 1 0 
PE = 1 . 2 7 1 0 0 E + 0 3 
TE = 6 . 2 4 8 7 0 E + 0 3 
UE = 1 . 6 5 5 0 0 E + 0 4 
DPEO = - 2 . 5 5 9 0 1 E + 0 3 
DPEl = - 2 . 1 8 3 1 3 E + 0 3 
BEB = - 4 . 4 1 6 1 9 E - 0 2 
ETE = 1 . 5 0 0 0 0 E + 0 1 
RHOMUREF = 2 . Z 4 7 8 8 E - 1 0 
ETA 
0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 4 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 4 
. 4 0 7 1 . 
. 4 1 , 4 4 
. 4 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 4 0 7 
. 7 7 7 8 
. 8 1 4 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
1 
- 8 . 7 8 2 6 E - 0 5 
- 1 . 2 1 8 6 E - 0 1 
- 5 . 4 6 1 6 E - 0 1 
- 1 . 4 1 9 2 E + 0 0 
- 2 . a 6 0 3 E + 0 0 
- 4 . 7 7 1 3 E + 0 0 
- 6 . 7 8 7 1 E + 0 0 
- 8 . 5 0 4 1 E + 0 0 
- 9 . 7 1 4 5 E + 0 0 
- 1 . 0 4 1 6 E + 0 1 
- 1 . 0 7 0 8 E + 0 1 
- 1 . 0 7 0 8 E + 0 1 
- 1 . 0 5 0 g E + 01 
- 1 . 0 1 7 6 E + 0 1 
- 9 . 7 4 7 9 6 + 0 0 
- 9 . 2 5 1 1 E + 0 0 
- 8 . 7 0 0 8 E + 0 0 
- 8 . 1 0 4 1 E + 0 0 
- 7 . 4 5 3 g E + 00 
- 6 . 7 1 8 5 E + 0 0 
- 5 . 8 5 6 0 E + 0 0 
- 4 . 8 6 5 3 E + 0 0 
- 3 . 8 2 1 6 E + 0 0 
- 2 . 8 3 6 2 E + 0 0 
- 1 . 9 8 2 4 E + 00 
- 1 . 2 7 6 4 E + a O 
- 6 . 9 8 8 7 E - 0 1 
- 2 . 2 i g b E - 0 1 
2 
- 3 . 7 9 4 0 E -
- 2 . 3 1 5 9 6 -
- 1 . 8 0 0 9 E -
- 1 . 5 9 9 5 E -
- 1 . 4 8 3 9 E -
- 1 . 3 6 5 1 E -
- 1 . 2 2 6 3 E -
- i . o a o o E -
rn BODY PROFILE. 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
• 0 1 
- 9 . 3 9 0 4 E - 0 2 
- 8 . 0 a 7 6 E -
- 6 . 8 9 7 4 E -
- 5 . 8 0 7 2 E -
- i , . 7 9 6 7 E -
- 0 2 
- 0 2 
- 0 2 
• 0 2 
- 3 . 8 4 6 6 E - 0 2 
- 2 . g 4 7 8 E - • 0 2 
- 2 . 1 1 0 8 E - 0 2 
- 1 . 3 6 7 g E -
- 7 . 6 7 4 2 E -
- 3 . 5 3 2 6 E -
- 1 . 2 9 0 6 E -
- 3 . g 8 5 3 E -
02 
• 0 3 
• 0 3 
• 0 3 
• 0 4 
- 1 . 2 7 2 6 E - 0 4 
- 5 . 0 8 4 7 6 -
- 2 . 6 0 1 . 4 E -
- 1 . 5 8 2 8 6 -
- 1 . 0 4 8 0 E -
- 6 . 7 9 7 i . E -
•05 
- 0 5 
-05 
- 0 5 
- 0 6 
- 1 . 6 0 7 6 E - 0 6 
XO = 
X 1 / 2 = 
XI -
RBO = 
RB 1 / 2 = 
RBI = 
3 
- 7 . 8 9 1 1 E - 0 1 
- 4 . 0 8 1 5 E - 0 1 
- Z . 9 7 0 6 E - 0 1 
- Z . 5 9 7 5 E - 0 1 
- 2 . 3 9 3 0 E - 0 1 
- Z . 1 5 4 3 E - 0 1 
- l . a 5 4 9 E - 0 1 
- 1 . 5 3 7 9 E - 0 1 
- 1 . Z 4 1 8 E - 0 1 
- 9 . 8 Z 8 8 E - 0 2 
- 7 . 6 3 7 3 E - 0 2 
- 5 . 8 0 9 7 E - 0 2 
- 4 . 2 9 1 4 E - 0 2 
- 3 . 0 3 2 3 E - 0 2 
- 2 . 0 0 2 5 E - 0 2 
- 1 . 1 9 5 Z E - 0 2 
- 6 . 1 4 7 6 E - 0 3 
- 2 . 5 5 1 1 E - 0 3 
- 7 . 8 8 9 3 E - 0 4 
- 1 . 7 3 3 5 E - 0 4 
- 2 . 9 8 2 6 E - 0 5 
- 5 . 4 4 6 4 E - 0 6 
- 1 . 4 0 3 4 E - 0 6 
- 5 . 2 7 7 9 E - 0 7 
- 2 . 5 7 4 6 E - 0 7 
- 1 . 4 3 4 4 E - 0 7 
- 7 . 8 5 8 0 E - 0 8 
- 1 . 2 1 6 3 E - 0 8 
S = 6 . 0 0 0 0 E + 0 0 
INTERPOLATED EOGE CONDITIONS 
4 . 6 4 7 4 1 E - 0 1 LAMBDA = 2 . 5 2 
4 . B Z 3 7 1 E - 0 1 LAMBD* 
5 . 0 0 0 0 0 E - 0 1 LAHBD« 
2 . 5 5 1 1 0 E - 0 1 
2 . 6 1 1 9 6 E - 0 1 
2 . 6 7 1 d a E - B l 
X(K> 
4 
- 4 . 2 9 8 0 E - 0 2 
- 1 . 1 4 3 7 E + 0 0 
- 2 . 1 5 5 7 E + 0 0 
- 3 . 4 5 9 1 E + 0 0 
- 5 . 0 5 7 7 E + 0 0 
- 6 . 6 4 9 2 E + 0 0 
- 7 . 8 5 0 6 E + 0 0 
- a . 4 a 0 8 E + 0 0 
- 8 . 5 8 8 1 E + 0 0 
- 8 . 3 1 4 6 E + 0 0 
- 7 . 7 9 7 7 E + D 0 
- 7 . 1 3 5 0 E + 0 0 
- 6 . 3 8 3 4 E + a O 
- 5 . 5 7 0 9 E + 0 0 
- 4 . 7 1 2 6 E + 0 0 
- 3 . a 2 4 0 E + 0 0 
- 2 . 9 3 1 9 E + 0 0 
- 2 . 0 8 1 6 E + 0 0 
- 1 . 3 3 6 8 E + 0 0 
- 7 . 6 5 1 4 E - 0 1 
- 3 . 9 9 6 1 E - 0 1 
- 2 . 0 6 5 6 E - 0 1 
- 1 . 1 4 3 6 E - 0 1 
- 6 . 8 4 0 2 E - 0 2 
- 4 . 2 5 3 6 E - 0 2 
- 2 . 6 0 a 4 E - 0 2 
- 1 . 4 0 9 7 E - 0 2 
2 . 1 9 9 1 E - 0 I . 
5 
- 7 . 1 4 4 1 E - 0 2 
- 3 . 6 9 0 4 E - 0 1 
- 2 . 4 1 2 1 E - 0 1 
- 1 . 9 1 4 9 E - 0 1 
- 1 . 7 Z 9 9 E - 0 1 
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9 . 0 3 8 0 E - 0 1 
9 . 2 5 6 4 E - a i 
9 . 1 . 0 8 1 E - 0 1 
9 . 5 1 9 0 E - 0 1 
9 . 6 0 2 1 E - 0 1 
9 . 6 6 6 2 E - 0 1 
9 . 7 1 7 0 E - 0 1 
g . 7 5 8 6 E - 0 1 
9 . 7 9 3 6 E - 0 1 
g . 8 2 3 6 E - 0 1 
9 . 8 4 9 a E - 0 1 
g . 8 7 2 8 E - 0 1 
9 . 8 9 3 3 E - 0 1 
9 . 9 1 1 6 E - 0 1 
9 . g 2 8 1 E - 0 1 
9 . 9 4 3 1 E - 0 1 
9 . g 5 6 7 E - 0 1 
9 . 9 6 9 1 E - 0 1 
9 . 9 8 0 4 E - 0 1 
9 . 9 g 0 7 E - 0 1 
1 . OOOOE + OO 
CI 
3 . 2 1 Z 5 E - 0 5 
2 . 9 8 9 3 E - a 5 
2 . 1 3 4 8 E - 0 5 
9 . 4 8 2 g E - 0 6 
1 . 6 5 6 5 E - 0 6 
5 . 5 7 0 2 E - 0 8 
6 . 3 b 2 1 E - 1 0 
4 . 0 0 i , 0 E - 1 2 
2 . 5 7 0 4 E - 1 4 
7 . 5 0 7 2 E - 1 6 
1,. 2 7 1 2 E - 1 7 
2 . 1 0 5 3 6 - 1 8 
7 . 3 g i 0 6 - 2 0 






8 . O O O l E - 3 1 
1 . 6 5 1 9 E - 3 3 
1 . 3 7 3 1 E - 3 2 
1 . 0 7 1 8 E - 3 4 
0 . 
1 . 1 0 7 4 6 - 3 6 
0 . 
6 . 3 9 4 0 6 - 3 9 
0 . 
THETA 
2 . 0 0 6 1 E + 0 0 
2 . 6 0 9 5 6 + 0 0 
2 . 8 2 2 2 6 + 0 0 
2 . 7 1 2 8 E + 0 0 
2 . 4 3 0 0 E + Q 0 
2 . 1 1 1 4 E + 0 0 
1 . 8 9 7 2 6 + 0 0 
1 . 7 7 4 7 6 + 00 
1 . 7 0 3 1 E + 0 0 
1 . 6 5 1 4 E + 0 0 
1 . 6 0 3 0 E + 0 0 
1 . 5 5 1 6 E + 0 0 
1 . 4 9 7 1 E + 0 0 
1 . 4 1 . 1 9 E + 0 0 
1 . 3 8 8 5 6 + 00 
1 . 3 3 8 5 E + 0 0 
1 . 2 9 2 8 6 + 0 0 
1 . 2 5 1 4 E + a O 
1 . 2 1 4 1 6 + 00 
1 . 1 B 0 5 E + 0 0 
1 . 1 5 0 1 E + 0 0 
1 . 1 2 2 5 E + 0 0 
1 . 0 9 7 3 E + 0 0 
1 . 0 7 4 3 E + 0 0 
1 . 0 5 3 3 E + 0 0 
1 . 0 3 4 0 6 + 0 0 
1 . 0 1 6 3 E + 0 0 
l.OOOOE+OO 
C2 
6 . 3 7 4 4 E - 1 2 
6 . 1 8 7 3 E - 1 2 
5 . Z 5 9 4 E - 1 Z 
8 . 0 4 6 1 E - 1 3 
2 . 7 4 3 0 E - 1 4 
2 . 2 0 8 7 6 - 1 6 
1 . 2 7 1 0 6 - 1 8 
7 . 5 9 1 . 8 6 - 2 1 
5 . 1 3 3 8 E - 2 3 
4 . 0 4 6 2 E - 2 5 
3 . 7 0 1 2 E - 2 7 
3 . 6 7 6 5 6 - 2 9 
3 . 1 3 7 4 6 - 3 1 
3 . 9 3 2 4 E - 3 4 
0 . 








4 . 4 9 7 3 6 - 4 3 
0 . 





1 . 2 5 2 1 E - 0 5 
1 . 0 3 0 8 E - 0 4 
6 . 6 4 5 3 6 - 0 4 
6 . Z 2 9 3 E - 0 3 
3 . 3 4 0 5 E - 0 2 
7 . 4 7 2 3 E - 0 2 
1 . 1 4 4 6 E - 0 1 
1 . 4 8 9 4 E - 0 1 
1 . 7 6 8 2 E - 0 1 
1 . 9 7 7 Z E - 0 1 
2 . 1 2 2 0 E - 0 1 
2 . 2 1 4 7 E - 0 1 
Z . 2 6 9 5 E - 0 1 
2 . 2 9 9 7 E - 0 1 
2 . 3 1 5 2 E - 0 1 
Z . 3 Z Z 5 E - 0 1 
2 . 3 2 5 8 E - 0 1 
2 . 3 2 7 Z E - 0 1 
2 . 3 2 7 7 E - 0 1 
Z . 3 Z 7 9 E - 0 1 
Z . 3 2 a O E - 0 1 
Z . 3 2 8 0 E - 0 1 
2 . 3 2 8 0 E - 0 1 
2 . 3 2 8 0 E - 0 1 
2 . 3 2 8 0 E - 0 1 
2 . 3 2 8 0 E - 0 i 
2 . 3 2 t t O E - 0 1 
C3 
3 . 2 7 9 0 E - 1 6 
3 . 0 8 3 6 E - 1 6 
2 . 3 0 a 8 E - 1 6 
1 . 5 8 8 6 E - 1 7 
2 . 1 8 0 4 E - 1 9 
1 . 2 g 9 7 E - 2 1 
7 . 0 0 4 5 E - 2 4 
4 . 0 5 3 1 E - 2 6 
2 . 6 4 7 1 E - 2 B 
1 . 9 9 2 7 E - 3 0 
1 . 7 0 9 7 E - 3 2 
1 . 5 4 9 6 E - 3 4 
1 . 1 5 1 5 E - 3 6 
8 . 6 9 2 3 E - 4 0 
0 . 
9 . 8 I . 6 5 E - 4 3 
0 . 
8 . 0 7 1 6 E - 4 5 
0 . 




2 . l b a 9 E - 4 9 
0 . 




6 . 4 5 5 5 E - 0 1 
6 . 6 7 9 8 E - 0 1 
6 . 9 3 9 6 E - 0 1 
7 . 2 5 2 8 E - 0 1 
7 . 5 4 7 3 E - 0 1 
7 . 6 5 2 8 E - 0 1 
7 . 6 6 0 5 E - 0 1 
7 . 6 4 6 1 E - 0 1 
7 . 6 2 8 6 E - 0 1 
7 . 6 2 0 1 E - 0 1 
7 . 6 2 3 6 E - 0 1 
7 . 6 3 5 1 E - 0 1 
7 . 6 4 8 3 E - 0 1 
7 . 6 5 8 9 6 - 0 1 
7 . 6 6 5 7 6 - 0 1 
7 . 6 6 9 4 E - 0 1 
7 . 6 7 1 1 E - 0 1 
7 . 6 7 1 7 E - 0 1 
7 . 6 7 1 9 E - 0 1 
7 . 6 7 2 0 E - 0 1 
7 . B 7 2 0 E - 0 i 
7 . 6 7 2 0 E - 0 1 
7 . 6 7 2 0 E - 0 1 
7 . 6 7 2 0 E - 0 1 
7 . 6 7 Z 0 E - 0 1 
7 . 6 / 2 0 E - 0 1 
7 . 6 7 2 D E - B i 
7 . 6 7 2 0 E - 0 1 
CN 
1 . 5 8 6 8 E - B 5 
1 . 5 6 9 1 E - 0 5 
1 . 4 2 4 B E - 0 5 
4 . 7 3 3 0 E - 0 b 
6 . 4 3 B 2 E - 0 7 
5 . 5 2 5 1 E - 0 8 
4 . 7 3 a 7 E - 0 9 
4 . 6 3 1 . 9 E - 1 0 
5 . 2 8 9 4 E - 1 1 
6 . 7 7 8 3 E - 1 2 
9 . 0 1 2 2 E - 1 3 
1 . 0 8 1 1 E - 1 3 
9 . 0 B 7 3 E - 1 5 
2 . 5 3 8 4 E - 1 6 
0 . 
6 . 5 7 i . 8 E - i g 
0 . 




2 . 8 2 3 3 E - 2 4 
0 . 
3 . 5 3 « 7 E - 2 6 
4 . 2 0 6 3 E - 2 6 
0 . 
8 . 0 5 3 2 E - 2 7 
0 . 
0 
6 . Z 9 Z 1 E - 0 4 
3 . 7 7 1 4 E - 0 2 
7 . 6 4 4 3 E - 0 2 
1 . 1 2 0 5 E - 0 1 
1 . 3 5 6 9 E - 0 1 
1 . 3 5 9 0 6 - 0 1 
1 . 1 7 2 2 E - 0 1 
9 . 1 3 3 1 E - 0 2 
6 . 5 2 0 5 E - 0 2 
4 . 3 0 4 3 E - 0 2 
Z . 6 4 8 6 E - 0 2 
1 . 5 3 0 0 E - 0 2 
B . 3 4 4 0 E - 0 3 
4 . 3 1 2 1 E - 0 3 
2 . 1 1 6 i E - 0 3 
9 . B 6 8 9 E - 0 4 
4 . 3 7 2 4 E - 0 4 
1 . 8 3 8 1 E - 0 4 
7 . 3 1 3 3 E - 0 5 
2 . 7 4 1 7 E - 0 5 
g . 6 1 8 1 E - 0 6 
3 . 1 3 0 3 6 - 8 6 
9 . 3 7 7 1 E - 0 7 
2 . 5 7 4 4 E - 0 7 
6 . 4 2 8 2 E - 0 8 
1 . 3 8 9 3 E - 0 8 
2 . 2 g 3 1 E - U 9 
5 . 4 8 7 7 E - 1 0 
N 
9 . 1 3 6 5 6 - 0 3 
9 . 2 6 3 7 E - 0 3 
g . l i g 7 E - D 3 
b . 4 b 3 2 E - 0 3 
2 . D 3 0 5 E - 0 3 
2 . 1 8 b 6 E - 0 4 
3 . 0 3 3 5 E - 0 5 
9 . 2 b 9 8 E - 0 6 
3 . 8 7 3 8 6 - 0 6 
1 . 6 9 9 D E - 0 6 
6 . 9 4 4 2 E - 0 7 
2 . 5 0 0 8 E - 0 7 
7 . 7 8 9 7 E - 0 a 
2 . 1 1 4 6 £ - 0 a 
5 ; i 4 0 4 E - 0 9 
1 . 1 6 6 6 E - 0 9 
2 . 5 9 1 3 E - 1 0 
5 . 8 4 B 6 E - 1 1 
J . 3 5 7 3 E - 1 1 
3 . 1 9 4 5 E - 1 2 
7 . 4 3 8 1 E - t 3 
1 . 6 7 3 8 E - 1 3 
3 . 5 7 9 5 E - 1 I . 
7 . Z 0 9 9 E - 1 5 
1 . 3 6 4 3 E - 1 5 
2 . 3 8 1 6 E - 1 6 
NO 
5 . 6 3 0 3 E - 0 5 
6 . 5 1 5 2 E - 0 4 
2 . 4 3 3 9 E - 0 3 
4 . i g 2 6 E - 0 3 
8 . 4 0 6 5 E - 0 3 
1 . 5 7 7 9 E - 0 2 
1 . 9 5 6 4 E - 0 2 
2 . 1 0 8 b E - 0 2 
2 . 0 3 5 3 E - 0 2 
1 . 7 4 7 9 E - 0 2 
1 . 3 3 0 6 E - 0 2 
8 . 9 7 1 8 E - 0 3 
5 . 3 6 3 2 E - 0 3 
2 . 8 4 5 7 E - 0 3 
1 . 3 4 0 5 E - D 7 
5 . 5 9 3 7 E - a 4 
2 . 0 5 3 8 E - 0 4 
6 . 5 4 6 4 E - 0 5 
1 . 7 6 7 0 E - 0 5 
3 . 8 6 1 0 E - 0 6 
6 . 2 3 7 I E ^ 1 1 7 
5 . 8 7 1 3 E - 0 8 
4 . 4 7 3 d E - 1 0 
1 . 9 7 b 6 E - 1 0 
3 . 3 I 0 3 E - 1 0 
2 . 5 0 6 4 E - 1 1 
4 . i . < . l Z t - 1 7 D . 
1 . 9 9 7 3 E - 1 8 1 . 6 7 9 0 E - 1 4 
N0+ 
6 . 3 4 1 4 E - 0 6 
7 . 3 2 0 a E - 0 6 
9 . 8 9 4 4 E - a 6 
9 . 0 5 0 0 E - 0 6 
5 . 6 1 5 3 E - 0 6 
3 . 1 b 0 5 E - 0 6 
1 . 8 6 8 a E - 0 6 
1 . 1 5 a 9 E - 0 6 
7 . 4 0 3 3 E - 0 7 
4 . 7 8 2 2 E - a 7 
3 . 0 6 7 1 E - 0 7 
1 . 9 1 9 7 E - U 7 
1 . 1 5 4 3 6 - 0 7 
6 . 5 7 a 2 E - B 8 
T.^i2<SE-MSr 
1 . 7 4 1 2 E - 0 8 
7 . 9 4 2 7 E - a 9 
3 . 3 0 7 6 E - 0 9 
1 . 2 4 6 4 E - 0 9 
4 . 2 0 5 3 E - 1 0 
CO 
3 . 4 4 i a E -
2 . 8 3 a 5 E -
2 . 1 7 4 5 E -
1 . 5 0 g i E -
9 . 2 5 4 1 E -
4 . 9 1 2 1 E -
2 . 2 2 1 0 E -
8 . 3 9 9 a £ -
2 . 5 9 0 6 E -
6 . 2 9 2 5 E -
1 . 1 4 0 9 E -
1 . 4 0 7 3 E -
9 . 6 1 8 5 6 -
1 . 4 1 2 3 E -
0 . 
3 . 2 9 8 6 E -
0 . 
3 . 2 9 4 9 E -
0 . 
a . 5 3 6 5 E -
1 . Z 5 Z 9 E - 1 0 0 . 
3 . 2 3 4 2 E - 1 1 
7 . 0 3 3 2 E - 1 2 
1 . 2 3 2 8 E - 1 2 
1 . 6 1 2 5 E - 1 3 
1 . 3 3 6 9 E - 1 4 
4 . 1 3 3 5 E - 1 6 
l . O O O O E - 2 0 
2 . B 2 4 4 E -
0 . 
a . b l 9 8 E -
0 . 
4 . 5 S 5 3 E -
0 . 
0 . 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 2 
• 0 2 
• 0 2 
• 0 3 
0 3 
• 0 4 
•04 










4 . 7 4 5 3 E - 0 4 
4 . 7 1 9 0 E - 0 4 
4 . 3 6 6 9 E - I 4 
4 . 0 7 1 9 E - B * 
3 . 6 6 9 3 E - a 4 
2 . 9 3 0 2 E - e * 
1 . 9 5 5 6 E - B 1 . 
1 . 0 6 4 4 E - a 4 
4 . 7 6 3 0 E - i 5 
1 . 7 7 6 6 E - 8 5 
5 . 5 4 6 9 E - a 6 
1 . 4 3 3 5 E - a 6 
3 . 0 3 5 9 E - a r 
5 . a i 8 9 E - 0 8 
6 . 0 5 9 4 £ - n 
4 . 5 8 9 8 E - 1 0 
1 . 2 5 a 2 E - U 
0 . 
8 . 9 D 8 2 E - 1 S 
4 . & 1 2 9 E - 1 6 
0 . 
6 . 3 2 9 8 E « 1 « 
0 . 
2 . 8 7 3 2 E - 2 B 
4 . 1 3 7 6 E - 2 I 


































. 0 3 7 0 
, 0 7 4 1 
, 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
, 3 3 3 3 
, 3 7 0 4 
, 4 0 7 1 , 
. 4 4 4 4 
.1*815 
, 5 1 8 5 
,551^6 
. 5 9 2 b 
, 6 2 9 0 
, 6 e 6 7 
. 7 0 3 / 
. 7 1 . 0 / 
, 7 7 7 9 
, 8 1 4 9 
, 8 5 1 9 
, 8 8 8 9 
, 9 2 5 9 
, 9 e 3 3 
1 , 0 0 0 0 
Y/RN 
0 . 
5 , 0 5 3 4 6 - 0 3 
1 , 1 0 7 0 6 - 0 2 
1 , 7 7 0 6 6 - 0 2 
2 . 4 6 8 0 6 - 0 2 
3 . 1 9 1 4 6 - 0 2 
3 , 9 0 1 4 6 - 0 2 
1 . , 6 2 2 1 6 - 0 2 
5 , 3 3 8 2 6 - 0 2 
6 . 01*516-02 
6 . 7 3 9 9 6 - 0 2 
7 . 4 2 0 9 6 - 0 2 
8 . Orta'+E-Oe 
B. 7 1 * 3 0 6 - 0 2 
9 . 3 9 6 ? E - 0 3 
1 . 0 0 2 0 6 - 0 1 
1 . 0 6 4 5 6 - 0 1 
1 . 1 ^ 6 2 6 - 1 1 
1 . 1 8 7 1 * 6 - 0 1 
1 . 2 4 7 7 E - Q 1 
1 . 3 0 6 9 6 - 0 1 
1 . 3 6 5 0 6 - 0 1 
1 . 4 2 2 1 E - 0 1 
l . i t / a Z E - O l 
1 . 5 3 3 5 6 - 0 1 
1 . 5 0 8 3 6 - 0 1 
1 . 6 4 2 6 6 - 0 1 
1 . 6 9 6 3 6 - 0 1 
i 
9 . 4 g 2 4 £ - 0 2 
5 . 2 5 5 6 6 - 0 2 
- 7 . 6 2 5 6 6 - 0 2 
- 2 . g O 5 7 E - 0 1 
- 5 . 8 0 8 9 6 - 0 1 
- 9 . 3 1 4 8 6 - 0 1 
- 1 . 3 2 5 2 6 + 0 0 
- 1 . 7 1 . 8 3 6 + 0 0 
- 2 . 1 9 2 B E + B 0 
- 2 . 6 5 1 8 E + a O 
- 3 . 1 2 5 3 6 + 0 0 
- 3 , 6 1 0 8 6 + 0 0 
- i * . i n D 9 E + 00 
- 4 . 6 1 2 Q E + 0 0 
- 5 , 1 2 1 * 9 6 + 00 
- 5 , b i . 1*36 + 00 
- 6 , 1 6 9 1 6 + 0 0 
- 6 , 6 9 8 6 ! i + 00 
- 7 . 2 3 2 0 C + 0 0 
- 7 . 7 6 P 6 E + D B 
- 8 . 3 0 8 1 6 + 0 0 
- 8 . 8 5 0 1 6 + 0 0 
- 9 . 3 9 4 5 E + 0 0 
- 9 . g i * 1 2 E + 00 
- 1 . 0 1 . 9 0 6 + 01 
- 1 . 1 0 4 1 " + 0 1 
- 1 . 1 5 9 4 C + J l 





























- 4 . I.162E 
1 
- 0 2 
TIME LEFT = 2 i * 6 . 9 4 2 S6C 




QTOTAL ( 1 3 T U / F T 2 - S 6 C ) = -
STANTON fJJMBC-^ = 
R S » » ( 1 + J ) = 
R6YrinLGS NUMR6J> = 
CF-I,MF = 
6 . ^ 5 2 8 5 6 + 01, 
8 . 1 0 4 8 7 E + 0 4 
8 . 7 7 4 9 6 6 + 0 3 
l . "* 1 8 0 2 6 + 0 5 
1 . 3 2 2 2 9 6 
1 . 3 5 3 2 9 6 
1 . 3 9 2 Q 2 E 
4 . 2 39276 
1 .7901*06 

























1 * . 
+ 02 
- 0 3 
- 0 2 
+ 05 
- 0 3 
DENSITY 
1 . 2 9 6 5 E 
1 . 1 3 3 2 E 
g , 0 4 9 3 E 
8 , i , 3 8 0 E 
8 . 1 6 4 4 E 
8 , Q 4 8 8 E 
8 . 0 1 1 b E 
8 , 0 3 3 8 6 
8 . 1 1 3 0 6 
8 . 2 4 8 0 6 
8 . 3 9 8 4 6 
8 . 5 7 0 9 6 
8 . 7 4 3 9 6 -
8 , 9 0 7 9 6 -
9 . 0 5 7 0 6 -
9 , 1 8 7 0 6 
- 0 4 
- 0 4 
- 0 5 
- 0 5 
- 0 5 
- 0 5 
- 0 5 
- 0 5 
- 0 5 
- 0 5 
- 0 5 
- 0 5 
• 0 5 
- 0 5 
- 0 5 
- 0 5 
9 . 3 0 1 2 6 - 0 5 
9 . 1 , 0 4 1 6 -
9 . 5 1 4 4 6 -
9 . 6 5 6 9 6 -
9 . 8 i , l b 6 
1 . 0 0 4 3 6 
1 . 0 2 2 5 6 -
1 . 0 3 7 2 6 -
1 . 0 ' * 9 5 6 -
1 . 0 6 0 2 6 -
1 . 0 7 0 2 6 -
1 . 0 7 g 4 6 ^ 
l A S S FLUX 
1 5 7 1 8 6 - 0 8 
0 1 3 9 0 6 - 0 6 
3 i , U 3 8 E - 0 4 
O g 6 1 6 E - 0 8 
6 2 6 2 0 6 - 0 7 
5 9 9 0 2 6 - 1 1 
8 4 4 9 9 6 - 0 4 
9 5 3 2 0 6 - 1 0 
7 7 0 3 7 6 - 1 0 
8 1 7 6 3 t - 1 6 
1 , 5 7 6 5 6 - 2 0 
1 1 6 7 9 6 - 1 1 
• 0 5 
- 0 5 
- 0 5 
- 0 5 
- 0 4 
- 0 4 
-o^ 
- 0 4 
• 0 4 
- 0 4 
• 0 4 
6LeCTR0N 
D6NSITY 
1 . 6 9 5 2 6 + 1 3 
1 . 6 4 1 4 6 + 1 3 
2 . 1 3 2 9 6 + 1 3 
2 . 7 5 5 0 6 + 1 3 
3 . 2 2 0 7 E + 1 3 
3 . 4 5 2 0 E + 1 3 
3 . 4 g O O E + 1 3 
3 , 3 g i 4 £ + 1 3 
3 , 2 0 1 5 E + 1 3 
2 , 9 5 9 5 £ + 1 3 
2 , 6 g 8 8 6 + 1 3 
2 , 4 4 3 4 6 + 1 3 
2 , 2 0 6 1 6 + 1 3 
1 , 9 9 0 3 6 + 1 3 
1 . 7 9 3 4 6 + 1 3 
1 . 6 0 9 9 6 + 1 3 
1 . 4 3 3 6 6 + 1 3 
1 ,2601*6 + 13 
1 . 0 9 0 3 6 + 1 3 
9 , 2 8 3 0 6 + 1 2 
7 . 8 2 2 9 6 + 1 2 
6 . 5 7 7 2 6 + 1 2 
5 , 5 5 1 7 6 + 1 2 
1 , , 7 1 3 7 6 + 12 
i , , 0 1 2 a 6 + 12 
3 , 3 9 7 0 6 + 1 2 
2 , 8 2 3 2 6 + 1 2 
2 , 2 6 2 8 E + 1 2 
TOTAL 
ENTHALPY 
3 . 4 8 6 4 6 + 0 7 
5 . 6 9 7 2 E + 0 7 
8 . 2 i g 9 6 + 0 7 
1 . 0 8 8 2 6 + 0 8 
1 . 3 4 1 2 6 + 0 8 
1 . 5 5 2 9 6 + 0 8 
1 . 7 0 8 6 6 + 0 8 
1 . 3 1 1 2 6 + 0 8 
1 . 9 7 4 7 E + 0 8 
1 . 9 1 3 g 6 + 0 8 
1 . 9 3 9 4 E + Q 8 
1 . 9 5 7 9 6 + 0 8 
1 . 9 7 2 5 6 + 0 8 
1 . 9 8 5 2 6 + 0 8 
1 , 9 9 1 4 6 + 0 8 
2 , 0 0 6 6 6 + 0 8 
2 , a i 5 7 E + 0 8 
2 . U 2 3 5 6 + 0 3 
2 , 0 2 9 5 6 + 0 8 
2 , 3 3 2 9 6 + 0 8 
2 , 0 3 3 5 6 + 0 8 
2 , 0 3 2 0 6 + 0 8 
2 , 0 3 0 2 6 + 0 8 
2 , 0 2 9 1 6 + 0 8 
2 , 0 2 8 6 6 + 0 8 
2 , 0 2 8 6 6 + 0 3 
2 . 0 2 8 7 6 + 0 8 
2 . 0 2 8 8 6 + 0 8 
RHO V = 
HEAT TRANSFER = 
HEAT TRANSFER, BODY = 
DISPLACEMENT THiCKNESS/RN = 
MOMENTUM THICKNESS = 
L AT BODY = 
SKIN FRICTION = 
TOTAL 
T DRAG COEF = 
P DRAG COEF = 
TOTAL DRAG = 
MASS FLOW FLOW ( P A R / S E C ) 
5 . 2 3 1 0 5 6 - 0 4 
2 . 1 3 5 3 8 6 - 0 2 
5 . 6 9 2 9 7 E - 0 3 
3 . 6 5 3 7 1 * 6 - 0 . * 
6 . 5 3 4 4 8 6 - 0 1 , 
5 . 2 2 4 2 B E - a 7 
5 . 7 0 9 5 2 E - 0 4 
l . ' * 5 8 9 4 E - 0 & 
• 1 . 5 5 4 6 8 E - 0 7 
2 . 0 8 0 2 5 6 - 1 3 
7 . 0 7 0 3 6 6 - 1 8 
1 . 0 8 2 1 9 6 - 0 7 
1 . 4 3 7 3 6 6 + 2 3 
6 . 7 0 1 8 7 6 + 2 4 
3 . 1 2 8 5 7 6 + 2 4 
2 , 2 9 3 4 5 6 + 2 3 
l , g 2 3 4 g E + 2 3 
1 . 5 3 0 7 7 6 + 2 0 
1 , 7 9 2 2 5 6 + 2 3 
2 . 9 1 4 7 6 6 + 2 0 
6 . 2 6 2 5 6 6 + 2 0 
7 , 6 1 4 3 6 6 + 1 3 
1 , 7 2 5 4 4 6 + 0 9 











. 5 1 6 9 1 6 -
. 5 0 5 6 2 6 -
. 4 g 2 4 7 6 -
04 
• 0 1 
• 0 1 
. 5 0 6 8 b 6 + 0 f a 
. 3 6 3 6 3 6 - 0 3 
. 0 3 0 0 2 6 + 0 0 
, 2 4 7 2 2 6 -
.5goa66-
, 7 2 7 2 7 E -
. 7 8 3 1 7 6 -
-































































0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 4 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
.3701. 
. 4 0 7 4 
. 4 4 4 4 
. 4 8 1 5 
. 5 1 8 5 
, 5 5 5 6 
, 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 4 0 7 
. 7 7 7 8 
. 8 1 4 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 g 
. g 6 3 0 
1 . 0 0 0 0 
ETA 
0 . 0 0 0 0 
. 0 3 7 0 
, 0 7 4 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 g 3 
. 2 g 6 3 
. 3 3 3 3 
. 3 7 0 4 
.1.074 
.1.444 
. 4 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
.6Zg6 
. 6 6 6 7 
. 7 0 3 7 
. 7 4 0 7 
. 7 7 7 8 
. 8 1 4 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
11 
- 4 . 5 1 6 6 E - 0 1 
- 2 . 3 7 5 9 E - 0 1 
1 .73056+00 
- 2 . 7 8 3 9 6 - 0 1 
- 3 . g 6 a 4 E + 3 0 
- 8 . 9 0 2 6 E - 0 1 
- 7 . 9 0 1 i . E - 0 2 
- 3 . 9923E-02 
- 1 . 9 6 1 4 E - 0 2 
- 5 . 535gE-03 
2 .3446E-Q4 
1. 14266-03 




4 . 7 3 2 4 E - 0 6 
1 .0779E-06 
2 . 3 6 3 5 E - 0 7 
4 . 9 9 5 7 E - 3 8 
1. 0125E-08 
1. 9501E-09 
3 . 5 3 7 9 E - 1 0 
6 . 0 1 4 5 E - 1 1 
g.502i»E-12 
1 . 3 2 7 2 E - 1 2 
1 . 4 4 5 6 E - 1 3 
2 . 3 3 1 2 6 - 1 4 
21 
- 7 . 0 5 4 9 6 - 0 5 
- 1 . 3 8 9 0 E - 0 5 
- l , 4 7 7 7 E - 0 4 
- 5 . 6 7 5 8 6 - 0 1 , 
- 3 . 6 8 9 2 6 - 0 4 
- 2 . 8 2 1 6 E - 0 5 
- 3 . 3 4 4 6 E - 0 7 
6 . 4 0 6 0 6 - 0 9 
6 . 7 4 7 1 6 - 1 0 
5 . 1 2 1 0 6 - 1 1 
3 . 6 6 9 6 6 - 1 2 
2 . 1 6 8 9 6 - 1 3 
8 . 2 3 2 1 E - 1 5 
9 . 6 1 5 3 E - 1 7 
0 . 
3 . 6 2 3 7 E - 2 0 
0. 
4 . 3 5 0 2 E - 2 3 
0 . 
7 . 7 4 7 6 E - 2 6 
- 7 . 7 2 4 3 E - 3 5 
1 .4142E-28 
- 3 . 7 5 7 9 E - 3 9 
1. 02496-31 





- 1 . 1 1 0 3 6 
- 3 . 1 2 g 8 E 
3 . 6 5 7 5 6 
1*.25826-
5 . 0 5 3 8 6 
4 . 9 5 7 6 6 
1 .2132E 
- 1 . 8 9 2 1 E -
- 1 . 0 6 0 4 E 
- 5 . 5 5 4 3 E 
- 2 . 7 6 5 0 E 
- 1 . 0 7 3 8 6 -
- 2 . 4 7 6 3 6 
- 1 . 6 2 6 5 6 -
0 . 
- 1 . 7 1 8 0 6 -
0 . 
- 6 . 4 6 2 6 6 -
0 . 
-I . .870I.E-
3 . 9 5 7 5 6 -
-4 .1 .8996-
1 . 0 4 0 7 6 
- 0 2 
- 0 3 
- 0 3 
- 0 3 
- 0 4 
-Ob 
- 0 8 
- 1 0 
- 1 1 
- 1 3 
- 1 4 
- 1 5 
- 1 7 
- 1 9 
- 2 3 
- 2 7 
- 3 0 
- 3 5 
- 3 3 
- 3 6 
- 2 . 0 1 9 8 6 - 3 6 
- 4 . 0 3 8 5 6 -
0 . 
- 1 . 6 0 6 9 6 -
0 . 
2 2 
8 .64 i .4£-
2 . 0 6 0 6 6 -
2 . 9 2 3 1 6 -
2.391.56-
- 3 7 
- 3 9 
• 1 9 
- 1 3 
• 1 2 
- 1 3 
- 4 . 9 9 6 3 E - 1 5 
- 6 . 3 0 4 9 E -
-2 .1 .523E-
- 9 . 9 7 0 0 6 -
- 5 . 1 9 8 a E -
- 3 . 2 4 4 1 E -
- 2 . 2 0 4 3 6 -
- 1 . 4 7 0 1 6 -
- 7 , 6 3 8 3 6 -
- 5 . 4 2 4 1 6 -
0 . 
- 2 . 9 1 6 2 6 -
0 . 
- 1 . 0 6 3 8 6 -
0 . 
- 8 . 7 5 5 4 6 -
0 . 
- 1 . 1 9 9 4 6 -
0 . 
- 2 . 3 9 6 4 6 -
0 . 




















3 . 7 4 2 1 6 - 0 3 
- 4 . 2 3 1 7 E - 0 3 
-1 .661 .9E-02 
- 5 . 0 2 8 2 E - 0 3 
- 4 . 2 4 8 6 E - 0 4 
- 2 . 5 9 6 7 E - 0 5 
- 1 . 7 2 9 7 E - 0 6 
- 1 . 2 g 9 2 E - 0 7 
- 1 . 0 3 3 6 E - 0 8 
- 7 . 9 1 7 5 E - 1 0 
- 5 . 0 5 7 2 E - 1 1 
- Z . 1 0 0 9 E - 1 Z 
- 2 . 7 1 3 6 E - 1 4 
0 . 
- 1 . 2 6 6 9 E - 1 7 
0 . 
- l . a 6 1 1 E - 2 0 
0 . 
- 4 . 0 8 g 5 E - 2 3 
0 . 
- 8 . g 7 2 7 E - 2 6 
0 . 
- 7 . 7 0 2 1 E - 2 9 
- 2 . 0 9 8 8 E - 2 9 
2 . 8365E-1.1 
- 1 . 2 2 2 5 E - 3 1 
0 . 
2 3 
- 1 . 0 3 7 8 E - 0 9 
- 2 . 2 6 3 9 E - 0 8 
- 3 . 9 2 9 8 E - 0 8 
- 2 . 3 2 9 5 E - 0 a 
- 2 . 0 6 3 0 E - 0 9 
- 2 . 3 0 1 0 E - 1 1 
- 1 . 2 0 6 1 E - 1 3 
- 5 . 6 8 9 9 E - 1 6 
- 2 . 7 7 8 3 E - 1 8 
- 1 . 4 5 9 6 E - 2 0 
- 8 . 2 5 2 Z E - 2 3 
- 4 . 7 2 5 5 E - 2 5 
- 2 . 1 8 1 4 E - 2 7 
- 1 . 3 9 5 0 E - 3 0 
0 . 
- 5 . 6 8 2 4 E - 3 4 
0 . 
- 1 . 2 5 4 6 E - 3 6 
0 . 
- 4 . 5 9 6 8 E - 3 g 
0 . 
- 1 . 9 5 3 5 E - 4 1 
0 . 
- 7 . 9 9 2 1 6 - 1 . 4 
0 . 




6 . 9 4 1 3 E - 0 9 
3 . 2 5 8 5 E - 0 7 
6 , a 2 6 1 E - 0 7 
8 , 5 9 5 g E - 0 8 
- 2 , 1 2 7 8 E - 0 7 
- 7 , 7 3 9 2 E - 0 8 
- 1 . 1 4 3 7 E - 0 8 
- l , 4 5 0 2 E - 0 9 
- 1 , 9 4 8 3 E - 1 0 
- 2 , 7 4 8 0 E - l l 
- 3 , 7 7 1 7 E - 1 2 
- 4 . 4 0 8 9 E - 1 3 
- 3 , 4 4 g 8 E - 1 4 
- 8 , 6 g i 8 E - 1 6 
2 , 7 g 7 0 E - 2 3 
- 1 . 7 5 1 5 E - 1 8 
4 . 7 7 5 0 E - 2 B 
- 1 . 3 6 3 2 E - 2 0 
3 , Z 5 6 9 E - 3 3 
- 1 . 9 4 0 2 E - 2 2 
0 . 
- 3 . 6 5 1 4 E - 2 4 
0 . 
- 3 . 7 4 3 0 E - 2 6 
- 4 . 0 5 1 7 E - 2 6 
7 . 6 0 0 8 E - 4 9 
- 6 . 5 i g 9 E - 2 7 
0 . 
2 4 
2 . 5 8 3 9 E - 1 3 
6 . 5 4 2 8 E - 1 4 
- 5 . 9 0 1 5 E - 1 3 
- 3 . 2 3 1 7 E - 1 3 
- l . i g 3 6 E - 1 4 
- g . 2 8 5 5 E - 1 7 
- 4 . 4 4 5 5 E - i g 
- 2 . 0 2 4 5 E - 2 1 
- g . 5 4 g 8 E - 2 4 
- 4 . 7 g 2 3 E - 2 6 
- 2 . 5 4 1 5 E - 2 8 
- 1 . 3 2 7 9 6 - 3 0 
- 5 , 3 3 7 4 E - 3 3 
- 2 , 0 5 5 8 6 - 3 6 
0 . 
- 5 , 1 5 4 0 6 - 4 0 
0 . 
- 7 . 5 8 1 8 E - 4 3 
0 . 
- Z . 0 7 0 9 E - 4 5 
0 . 
- 7 . 1 8 1 1 E - 4 8 
0 . 
- 2 . 5 6 9 6 E - 5 0 
0 , 




- 4 . 8 9 0 8 E 
- 1 . 8 8 8 6 E 
- 3 . 4 1 3 8 E 
- 2 . 1 1 5 3 E 
- 6 . 9 8 5 6 E 
- 6 . 0 1 1 1 E 
- 3 . 4 4 0 5 E 
- 2 . 3 g 9 4 E -
- 2 . 0 3 7 5 E -
- 1 . 8 3 7 1 E -
- 1 . 5 1 8 5 E -
- g . 7 l 6 0 E -
- 3 . 7 2 5 4 E -
- 4 . 1 0 1 2 E -
0 . 
- I . I I B O E -
0 . 
- 7 . 2 0 g 9 E -
0 . 
- 4 . 4 2 3 1 E -
0 . 
- 9 . 5 2 7 g E -
0 . 
- 2 . 5 0 6 7 E -











5 . 3 0 7 7 E -
1.16b9E-
3 . 5 3 8 5 6 -
- 1 1 
- 1 0 
- 1 1 
- 0 9 
- 1 0 
- 1 1 
- 1 2 
- 1 3 
- 1 4 
- 1 5 
- 1 6 
- 1 8 
- 1 9 
- 2 1 
• 2 4 
- 2 8 
- 3 1 
- 3 5 
- 3 9 
• 3 9 
• 4 3 
• 1 6 
•16 







6 .21396-1 .2 
2 . 3 9 0 7 6 -
8 . 0 5 8 b e -
1 . 5 1 8 2 6 -
1 . 1 3 9 7 6 -
0 . 




3 . 6 3 4 8 E -
0 . 
- 1 . 4 4 4 5 E -
0 . 
- 4 . 8 8 6 1 E -
B. 













16 17 IB 19 20 
- 3 . 4 1 8 8 E - 0 3 1 . 8 5 2 6 E - 0 5 - 2 . B 6 2 0 E - 0 6 3 . 5 2 5 1 E - 0 B - 3 . 4 5 5 a E - a 4 
- 6 . 9 1 1 2 E - 0 3 4 . 3 0 9 3 E - 0 3 - 4 . 6 1 4 4 E - a 6 - 2 . a i Z 5 E - 0 4 - 8 . 0 2 3 g E - a 5 
- 6 . 5 8 4 9 E - 0 3 1 . 0 0 3 6 E - 0 2 - 3 . 1 8 5 9 6 - 0 6 - 1 . 5 0 5 8 E - 0 3 - 1 . 2 5 7 0 E - e 3 
- 3 . 5 0 b 9 E - 0 3 b . 5 4 4 7 E - 0 3 - 1 . 2 5 5 2 E - 0 6 - 9 . 8 2 0 4 6 - 0 3 - 3 . 3 1 i . 9 E - a 3 
- 3 . 5 7 4 Q E - 0 4 - 1 . 5 2 7 4 E - 0 2 - l . b 2 3 9 E - 0 7 - 1 . 7 7 7 4 E - 0 2 - 1 . 9 7 2 8 E - B 3 
1 . 5 b 9 6 E - 0 4 - 3 . 1 2 1 8 E - 0 2 - 3 . 1 7 6 0 E - 0 9 - 3 . 2 3 9 2 E - 0 3 - 1 . 7 l i 3 E - f l 4 
4 . 6 7 1 9 E - 0 5 - 1 . 8 9 1 3 6 - 0 2 - l . a 2 9 5 E - l l - 8 . 4 Z 4 4 E - 0 5 - 3 . a 5 9 9 E - a 6 
1 . 1 1 6 3 E - 0 5 - 7 . 7 1 1 5 E - 0 3 - 4 . 2 4 3 5 E - 1 4 - a . 2 6 5 8 E - 0 7 - 2 . 4 0 9 i . E - a 8 
2 . 3 4 3 8 E - 0 6 - 2 . 4 7 9 9 E - a 3 2 .0891.E-16 - 6 . 7 i 4 4 E - 0 9 - 1 . 5 3 7 1 E - 1 B 
3 . 7 2 1 3 E - 0 7 - b . 0 2 5 0 E - 0 4 6 . 7 9 9 4 E - 1 8 - 2 . 2 4 3 b E - 1 0 - 3 . 7 4 2 8 E - 1 2 
3 . a 7 6 6 E - 0 8 - 1 . 0 2 2 7 E - 0 4 8. i .oa9£-ZO - 1 . 4 9 5 1 E - 1 1 - 1 . 7 9 2 2 E - 1 3 
2 . 3 1 2 4 E - o g - 1 . 0 9 7 3 E - 0 5 3 . 0 2 3 9 E - 2 2 - 8 . 3 2 8 9 E - 1 3 - 6 . 8 6 2 6 E - 1 5 
6 . 2 2 4 6 E - 1 1 - 6 . D 8 0 9 E - 0 7 - 9 . 8 4 3 8 E - 2 5 - 3 . 1 5 5 ? £ - 1 4 - 1 . 6 5 3 3 E - 1 6 
l . l O l l E - 1 3 - 6 . 0 i g 8 E - 0 9 - 3 . 6 7 7 2 E - 2 7 - 4 . 6 b 8 6 E - 1 6 - 1 . 3 9 7 4 E - 1 8 
- 6 . 1 6 6 Z E - 1 5 5 . 2 0 3 2 E - 1 1 0 . a . 0 . 
- 1 . 8 5 i a E - 1 7 - 8 . 5 5 2 6 E - 1 2 - 8 . 2 2 5 9 E - 3 3 - 1 . 5 1 8 8 E - 1 9 - 1 . 0 2 1 2 E - 2 2 
- 4 . 5 8 4 7 E - 1 9 1 . 1 4 3 0 E - 1 4 0 . 0 . 0 . 
3 . 6 7 9 5 E - 2 0 - 5 . 7 6 0 4 E - 1 4 1 .2131E-40 - 1 . 7 8 2 3 E - 2 2 - 1 . 5 9 a 6 E - 2 6 
- 1 . 2 4 8 1 E - 2 3 7 . 2 g 6 9 E - 1 9 0 . 0 . 0 . 
2 . 0 2 5 4 E - 2 3 - b . 9 4 4 2 E - 1 6 - 7 . 7 a 3 5 E - 4 5 - 3 . 6 6 5 8 E - 2 5 - 2 . 1 7 5 6 E - 3 B 
0 . 0 . 0 . - 7 . 5 6 9 9 E - 2 5 " - 7 ; ^ 6 2 9 E - 3 * 
4 . 7 9 5 9 E - 2 7 - 1 . 3 6 6 3 E - 1 7 - 1 . 8 2 1 9 E - 4 8 - 6 . 2 9 2 6 E - 2 7 - 6 . 2 7 6 g E - 3 4 
n- 0 . 0 . - 4 . 9 1 2 1 E - 2 9 - 3 . 9 1 7 7 E - 3 8 
3 . 6 5 5 3 E - 3 1 - 3 . 8 5 0 7 E - i g 1 .0438E-SZ 4 . 3 8 5 6 E - 3 7 8 . 3 0 7 1 E - 4 0 
- Z . 6 4 7 9 E - 3 4 6 . 2 1 2 1 E - 2 9 - a . 8 5 6 b E - 5 6 - 5 . 0 7 5 0 E - 3 1 -3 .2506E-%a 
1 . 4 4 0 7 E - 3 3 - 1 . 3 9 8 9 E - 2 0 4 . 6 3 6 1 E - 5 6 2 . 2 2 0 9 E - 4 0 4 .169l»E-«3 
-2 .9330E-37 7.84 83E-32 -2".3423E-59 -2793nE^33 T ; — 
0. 0 . 0. a . 0 . 
26 
- 6 . 3 0 7 2 E - 0 3 ^ • •  - - • •" •"- -
- 1 . 9 3 5 4 E - 0 3 
3 .71DIE-D3 — 
1 . 7 6 1 9 E - 0 3 
- 1 . 9 8 5 0 E - 0 3 . - .. -
- 1 . 3 6 6 2 E - 0 3 
- 6 . 1 8 3 Z E - 0 4 
- 2 . 7 8 6 4 E - 0 4 
- 1 . 2 6 3 4 E - 0 4 " " — 
- 5 . 7 1 8 3 E - 0 5 
- 2 . 5 3 3 e E - 0 5 
- 1 . 0 7 0 1 E - 0 5 
- 4 . 1 8 1 8 E - 0 6 
- 1 . 4 6 9 5 E - 0 6 
- 4 . 5 2 8 5 6 - 0 7 " — ' ' " — "' 
- l . i g 8 3 E - 0 7 • — 
-2 .6744E-08 
- 4 . 9 5 0 8 E - 0 9 ' 
- 7 . 4 6 9 3 E - 1 0 ^ 
- 8 . 9 9 4 1 E - 1 1 
- 8 . 4 1 2 2 E - 1 2 • 
- 5 . 8 8 4 3 E - 1 3 
- 2 . 9 1 1 7 E - 1 4 
- 9 . 3 3 3 3 E - 1 6 
- 1 . 6 6 1 2 E - 1 7 
- 1 . 1 8 4 8 E - 1 9 
- 1 . 1 7 2 5 E - 2 2 
- 5 . 0 5 0 5 E - 3 2 
7 2 - T H BODY P R 0 F I L 6 , S = 5 . 5 3 8 9 6 + 0 1 
WARNING - P0LAT6 CALLED TO INT6RF0LATE FOi^ T= 5 , 5 3 8 8 7 0 3 7 E + 0 1 LARGEST VALUE IN TABLE I S 5 , 5 0 0 0 0 0 0 0 E + 0 1 
RHOMUREF = 1 . 1 1 2 7 3 E - 1 0 
INT6RP0LAT60 6DG6 CONDITIONS 
P6 = ' , , 5 5 0 9 5 6 + 0 2 XO = i , , 1 6 6 6 7 6 + 00 LAMBDA = 2 , 4 8 7 0 6 6 - 0 6 J E L X I = 1 . 2 0 2 7 1 E - 0 6 
TE = 2 . 6 2 9 4 2 6 + 0 3 X 1 / 2 = 4 , 3 9 1 2 0 6 + 0 0 LAM3DA 1/2 = 2 , 6 7 7 4 4 6 - 0 6 XIO = 4 . 4 4 7 1 9 6 - 0 6 
UE = 1.92 '* i *76+B4 XI = i * . 615736 + aO LAMBDA + 1 = 2 . 8 7 2 8 7 6 - 0 6 X I l / £ = 5 . 0 4 8 5 4 6 - 0 6 
0P60 = - 1 . 3 8 8 3 4 6 + 0 1 RBO = 1 , 0 7 3 8 0 6 + 0 0 B6TA = 2 , 2 1 8 1 6 6 - 0 2 X I l = 5 , 6 4 9 3 9 6 - 0 6 
t P 6 1 = - 3 . 3 2 6 5 1 6 + 00 RB 1 /2 = 1 , 1 1 6 1 5 6 + 00 MU = 1 ,10711 .6 -06 SMALL £ = 2 . 0 4 3 6 2 6 - 0 4 
PE3 = - 9 . 2 7 7 8 0 6 - 0 4 RBI = 1 , 1 5 3 2 6 6 + 0 0 • RHOE = 1 . 0 0 5 0 5 6 - 0 4 E8AR = - 3 , d 9 2 9 1 E - 0 1 
ETE = 1.5Q00 0E+01 
































0 . 0 0 0 0 
. 0 3 7 0 
.071*1 
, 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 6 9 3 
. 2 9 6 3 
. 3 3 3 3 
, 3 7 0 ' * 
, 4 0 7 4 
,1,1,1.4 
. 4 8 1 5 
. 5 1 6 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
, 7 0 3 7 
. 7 1 . 0 7 
. 7 7 7 8 
. 8 1 4 8 
. 8 5 1 9 
, 0 8 8 9 
, 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
1 
- 3 . 8 3 6 ^ E -
- 1 . 1 / 9 2 6 -
- 5 . 3 5 6 ^ e -
- 1 . 3 ' i a j 6 ^ 
- ? . 9 & & 5 t ^ 
- 1 . , 3 495 6-
- 1 * , 7 5 6 1 E -
- 3 . H 6 1 E -
- 1 . 6 2 6 8 f 
- 6 . 9 6 1 / 6 -
- 2 . 5 3 3 5 6 -
- 8 . 1*7526-
- 2 . 6 0 3 7 E -
- 7 . 3 3 6 5 6 -
- 1 . 3 7 7 9 6 -
- 4 . 2 9 q 3 E -
- 8 . 5 5 3 5 E -
- 1 , 3 6 3 9 E -
- 1 , 1 0 4 5 6 -
7 , H'^Z-it-
3 , 0 9 9 8 6 -
1 . 5 7 1 ^ 6 -
7.1* <QbE-
3 . 5 3 5 9 6 -
1 . 7 2 8 9 6 -
8 . 7 2 6 9 5 -
1,. 5 5 0 6 6 -
2.1*511*6-
- 0 6 
- 0 ' 
-0 2 
- 0 1 
- 0 1 
- 0 1 
-or 
- 0 1 
- ) i 
- 0 ? 
-02 








• 0 8 
•03 
-03 
- 0 9 
-09 





- 4 . 3 4 6 4 E -
- 2 . 1 7 8 7 £ -
- 1 . 5 3 1 3 6 -
- 9 . 3 7 0 3 6 -
- 1 . 1 0 4 2 6 -
- 1 . 3 2 6 8 - : -
- ' . . D 8 2 I * 6 -
- 5 . 3 2 M 2 E -
- l . a 6 ' * 8 £ -
- 2 . 2 7 i * 2 £ -
- ' • . 1 7 8 6 6 -
- 5 . 9 5 5 7 - : -
- 6 . 3 4 6 7 6 -
- 5 , 1 0 i * l E -
- 3 , 2 2 1 . 1 6 -
- 1 . 6 7 2 8 6 -
- 6 , 8 1 * 0 7 6 -
- 5 , 5 9 6 1 6 -
1 * , 7 9 8 6 6 -
1 , 1 8 2 7 6 -
2 . ' * 2 1 1 £ -
i t . 9 f a 0 9 £ -
1 . 0 6 6 4 6 -
2 . 4 3 9 0 6 -
5 . 9 5 1 * 3 6 -
1 , ' ^ 5 1 7 6 -
4 , 3 1 5 ' , 6 -
1 . 2 8 3 3 6 -
- 0 3 
- 0 3 
- 0 3 
- 0 1 . 
- 0 4 
- 0 6 
- 0 9 
- 0 9 
- J 9 
- 1 0 
- 1 1 
- 1 2 
- 1 3 
- 1 4 
• 1 5 
• l b 
- 1 8 
-20 
- 2 0 
•20 
- 2 1 
- 2 2 
- 2 2 
- 2 3 
• J 4 
-Zh 
- 2 5 
-<;5 
3 
- 2 . 5 0 2 7 6 - 0 3 
- 9 . 7 7 3 1 6 - 0 1 * 
- 6 . 21*076-01 , 
- 2 . 5 0 5 9 6 - 0 1 , 
- 1 . 1 5 6 7 6 - 0 5 
- ^ . ^ 0 2 6 6 - 0 3 
- 9 . 6 ^ 9 3 6 - 1 1 
- 3 . 6 / 2 7 6 - 1 2 
- 3 . 2 4 3 1 6 - 1 3 
- 3 . 1 6 6 8 6 - 1 4 
- 2 . 1 * 6 7 0 6 - 1 5 
- 1 . 3 1 3 3 6 - 1 0 
- 1 * . 5 2 6 2 6 - 1 8 
- 1 , 0 2 6 7 6 - 1 9 
- 1 , 6 3 7 1 6 - 2 1 
- 1 . 9 t * 7 0 E - 2 3 
- 1 . 8 6 7 / 6 - 2 5 
- 3 . 0 7 3 5 6 - 2 8 
7 , 5 6 1 3 6 - 2 9 
4 . 4 7 5 3 6 - 3 0 
2 . 1 8 5 i , 6 - 3 1 
1 . 0 3 1 9 6 - 3 2 
i , , 8 5 1 3 E - 3 4 
2 , 2 9 2 9 E - 3 5 
1 , 0 7 5 6 E - 3 6 
4 . 9 8 i , 9 E - 3 6 
2 , 0 3 6 0 E - 3 9 
3 , 5 6 6 5 6 - 1 , 1 
1* 
- 6 . 1 9 7 3 6 - 0 1 , 
- 2 . 1 , 0 6 3 6 - 0 2 
- 1 * . 6 5 8 3 6 - 0 2 
- 6 . 7 / 1 . 1 * 6 - 0 2 
- 4 . 2 6 6 7 6 - 0 2 
- 7 , 7 1 0 5 6 - 0 3 
- l , 2 5 7 b 6 - 0 3 
- 3 . 3 2 1 . 6 6 - 0 1 * 
- 9 . 5 5 1 * 6 6 - 0 5 
- 2 . 4 7 4 1 6 - 0 5 
- 5 . 1 * 5 1 . 4 6 - 0 6 
- 1 . 0 1 5 0 6 - 0 6 
- 1 . 6 1 / 4 6 - 0 7 
- 2 . 2 5 5 4 6 - 0 8 
- 2 . 8 1 5 9 6 - 0 9 
- 3 . 2 2 9 3 6 - 1 0 
- 3 , 5 0 5 7 6 - 1 1 
- 3 . 6 8 9 / 6 - 1 2 
- 3 , 7 7 3 9 6 - 1 3 
- 3 . 6 7 1 2 6 - 1 4 
- 3 . 2 8 7 0 6 - 1 5 
- 2 . 6 2 2 9 E - 1 6 
- 1 . 8 2 0 0 6 - 1 7 
- 1 . 3 8 3 7 E - 1 8 
- 5 , 1 * 3 2 5 6 - 2 0 
- 2 . 2 0 7 4 E - ? 1 
- 5 . 5 9 7 2 E - 2 3 
- 8 . 2 2 3 6 E - 2 5 
5 
- 5 . 2 4 6 6 6 -
- 2 . 1 0 1 5 6 -
- 1 . 0 6 4 1 6 -
- 2 . 2 8 6 7 6 -
- 5 . 1 5 3 0 6 -
- 9 . 8 4 5 6 6 -
- 1 . 1 1 8 2 6 -
- 6 . 3 1 . 2 2 6 -
- 2 , 4 3 9 3 6 -
- 5 . 6 8 9 1 6 -
- 9 . 1 6 9 8 6 -
- 9 . 8 2 3 9 6 -
- 5 . 7 7 8 9 6 -
- 0 3 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 1 
• 0 2 
- 0 2 
• 0 3 
• 0 4 
- 0 5 
- 0 6 
- 7 . 1 5 3 1 6 - 0 8 
2 , 1 . 7 6 0 6 -
- 1 . 0 6 4 3 6 -
1 . 3 7 9 8 6 -
- 5 , 3 8 0 7 6 -
2 , 3 6 6 2 6 -
- 3 . 9 6 0 9 6 -
0 . 
- 3 . 2 0 9 1 . 6 -
0 . 
- 2 . 3 8 9 2 6 -
5 . 9 8 8 5 6 -
- 1 . 3 5 2 1 6 -
1 . 3 8 8 6 6 -
0 . 
• 1 1 
• 1 0 
• 1 4 
- 1 3 
• 1 8 
• 1 5 
-17 
- 1 9 
- 2 6 
• 2 1 
-27 
6 
- 1 . 9 1 4 4 6 - 0 6 
- 4 . 6 8 9 5 6 - 0 5 
- 1 . . 9 9 3 3 6 - 0 5 
- 3 . 7 1 3 0 6 - 0 5 
- 1 . 0 9 5 8 6 - 0 5 
- 5 . 6 5 9 2 6 - 0 7 
- 7 . 8 2 5 0 6 - 0 9 
- 1 * . 7 9 6 3 6 - 1 1 
- 2 . 5 4 3 g 6 - 1 3 
- 5 . 4 8 2 9 6 - 1 5 
- 2 . 1 3 0 2 6 - 1 6 
- 6 . 7 5 7 7 6 - 1 8 
- 1 . 4 4 9 7 E - 1 9 
- i . i g 7 2 e - 2 i 
0 . 
- 1 . 0 9 0 5 6 - 2 5 
0 . 
- 2 . 9 0 2 6 6 - 2 9 
0 . 
- 1 . 0 5 9 8 6 - 3 2 
- 8 . 3 0 2 6 6 - 3 6 
- 2 . 1 , 1 6 0 6 - 3 5 
- 6 . 0 4 6 9 6 - 0 8 
5 , 5 8 3 • .6-1.1. 
- 4 , 8 1 , 2 6 6 - 1 , 1 
1 . 2 8 7 9 6 - 1 * 6 
- 1 . 1 1 0 5 6 - 1 , 1 , 
0 . 
7 
- 2 . 9 3 6 8 E - 0 8 
- 1 . 2 8 2 1 E - a 8 
- 5 . 2 2 5 6 E - U 9 
- i . i i i , O E - o g 
- i , . 4 2 7 6 £ - l l 
- 7 . 1 5 0 2 E - 1 4 
- 1 . 2 1 , 0 9 6 - 1 7 
- 5 . 9 3 5 5 6 - 2 2 
- 2 . 6 0 6 3 6 - 2 6 
- 2 . 0 2 8 4 6 - 2 9 
- 6 . 9 1 6 0 6 - 3 2 
- 1 . 5 5 7 1 6 - 3 4 
- 6 . 8 7 0 7 6 - 3 8 
2 . 8 9 4 7 E - ' , 1 
0 . 
l . b 3 i . 7 E - i , ' * 
0 . 
1 . 8 4 4 5 E - 4 7 
0 . 
6 . 1 3 5 3 E - 5 0 
- 3 . 2 4 4 1 E - 6 4 
2 . 6 1 2 0 E - 5 2 
- 1 . 5 3 6 0 E - 6 6 
2 . 1 1 0 9 E - 5 4 
- 1 . 8 1 6 3 E - 7 0 
2 . 4 0 2 3 E - 5 6 
- 6 . b 2 2 1 E - / 5 
0 . 
8 
- 2 . 8 7 2 3 E - 1 5 
3 . 7 1 , 3 8 6 -
1 . 6 3 1 1 6 -
4 . 7 3 3 9 6 -
• 1 4 
• 1 3 
• 1 5 
4 . b 6 4 2 £ - 1 8 
5 . 8 b 0 1 E -
1 . 4 7 J 5 E -
1 . Q 3 9 0 E -
1.6520E-
4 . 1 3 a i . £ -
•.i2 
• 2 5 
• 2 8 
• 3 1 
•34 
1 . 1 8 b O £ - 3 6 
3 . 1 1 9 4 E -
5 . 6 g 3 6 E -
• 3 9 
•42 
9 . 2 9 a 6 E - i . 6 
0 . 
i * . 2 5 1 b t -
0 . 
1 . 5 4 9 5 E -
0 . 
I . b b l 3 £ -
0 . 
3 . 7 9 5 9 6 -
U. 
• 5 0 
• 3 3 
• 5 6 
•59 
1 . 5 b 3 8 £ - b l 
0 . 





- 2 . 3 9 9 9 6 - 0 5 
- 1 . 3 7 5 0 6 - 0 5 
- 7 . 5 9 b 7 6 - 0 b 
- 2 . b 3 0 7 6 - U b 
- 1 . 8 0 2 7 6 - 0 7 
- 3 . 1 , 1 5 4 6 - 1 0 
- l . b 0 7 0 e - 1 2 
- 3 . 1 , 3 7 7 6 - 1 5 
- 1 . 5 1 3 9 6 - 1 3 
- 6 . 9 1 . 2 9 6 - 2 0 
- ' . . 0 3 1 9 6 - 2 2 
3 . 7 7 4 3 E - 2 3 
1 . 2 8 7 1 E - 2 4 
8 . 7 2 9 7 E - 2 7 
0 . 
1 . 0 5 3 2 6 - 3 0 
a. 
< • . 4 5 1 9 6 - 3 1 . 
3 . 
4 . 1 1 . 1 6 6 - 3 7 
- 1 . 9 1 . 6 8 6 - 1 . 3 
o . 1 . 0 0 9 6 - 1 . 0 
- b . 2 2 0 3 6 - i , b 
o . b g 2 3 E - 4 3 
2 . 1 . 9 5 8 E - 4 3 
0 . 
5 . 5 2 3 3 E - ' . 5 
a. 
10 
2 . 0 5 5 2 E - 0 5 
- 4 . 5 5 1 i . E - 0 2 
- 1 . 9 1 0 2 6 - 0 1 
- 2 . 5 2 3 3 E + 0 0 
- 9 . 0 6 a i . E + 0 0 
- 4 . 2 8 9 0 E + 0 0 
- a . 7 3 3 7 £ - 0 1 
- 3 . 3 3 2 5 E - 0 1 
- 1 . 8 8 9 9 E - 0 1 
- l . 1 2 J i . E - 0 1 
- 5 . 8 5 2 7 E - 0 2 
- 2 . 5 1 0 9 E - 0 2 
- 3 . 7 4 9 2 E - 0 3 
- 2 . 5 J 3 7 E - 0 3 
- 6 . 3 5 9 7 E - 0 4 
- 1 . 4 5 / 2 E - 0 4 
- 3 . 2 H 9 E - 0 5 
- 7 . 0 8 J 9 E - 0 6 
- 1 . 5 9 1 7 E - 0 6 
- 3 , 6 0 2 d E - 0 7 
- 8 . 0 5 3 8 E - 0 8 
- 1 . 7 4 a 9 £ - 0 8 
- 3 . 5 8 0 7 E - 0 9 
- 6 . 9 4 / 2 E - 1 0 
- 1 . 2 6 8 2 E - 1 0 
- 2 . 1 3 8 9 E - 1 1 
- 2 . 9 9 a i . E - 1 2 




























































0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 4 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 g 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 4 
. 4 0 7 4 
. 4 4 4 1 , 
. ' • 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 4 0 7 
. 7 7 7 8 
. 8 1 4 8 
. 8 5 1 9 
. 8 8 8 9 
. 9 2 5 9 
. 9 6 3 0 
1 . 0 0 0 0 
ETA 
0 . 0 0 0 0 
. 0 3 7 0 
. 0 7 4 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 8 5 2 
. 2 2 2 2 
. 2 5 9 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 4 
. 4 0 7 ' , 
. 4 4 4 4 
. 4 8 1 5 
. 5 1 8 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 4 0 7 
. 7 7 7 8 
. 8 1 4 8 
. 8 5 1 9 
. 8 8 8 9 
. g 2 5 g 
. 9 6 3 0 
1 . 0 0 0 0 
FPRIME 
0 . 
1 . 4 9 6 1 6 - 0 1 
2 . 9 9 6 8 6 - 0 1 
4 . 3 7 6 7 E - 0 1 
5 . 5 2 1 9 E - 0 1 
6 . 3 7 5 6 E - a i 
6 . g 5 9 5 E - Q l 
7 . 3 5 1 1 6 - 0 1 
7 . 6 3 4 3 E - 0 1 
7 . 8 6 7 9 E - 0 1 
8 . 0 7 6 7 E - 0 1 
8 . 2 6 g 8 E - 0 1 
8 .1 .1 .91 .E-01 
8 . 6 1 6 3 E - 0 1 
8 . 7 7 1 0 E - 0 1 
8 . g i 4 0 E - 0 1 
g . 0 4 6 0 E - 0 1 
g . 1 6 7 6 E - 0 1 
9 . 2 7 9 8 E - 0 1 
g . 3 8 3 3 E - 0 1 
g . 4 7 g O E - Q l 
g . 5 6 7 g E - o i 
g . 6 5 1 1 E - 0 1 
g . 7 2 g 2 E - o i 
g . 8 0 2 8 E - 0 1 
g . 8 7 2 3 E - 0 1 
g . 9 3 7 9 E - 0 1 
1.OOOOE+00 
CI 
3 . 7 6 g 3 E - 0 4 
3 . 7 5 3 b E - 0 i . 
3 . 4 8 8 / E - 0 4 
2 . 9 4 2 8 E - 0 4 
2 . 2 2 1 2 E - 0 4 
1 . 4 9 3 2 E - 0 4 
8 . 9 0 1 4 E - 0 5 
4 . 6 8 1 3 E - 0 5 
2 . 1 5 7 3 E - 0 5 
8 . 6 2 1 7 E - 0 6 
2 . 9 i * 1 9 E - 0 6 
8 . 3 7 9 2 E - 0 7 
1 . 9 2 9 g E - 0 7 
3 . 4 2 9 8 E - 0 8 
4 . 3 5 3 6 E - 0 9 
3 . 3 7 6 1 E - 1 0 
9 . 5 7 3 6 E - 1 2 
0 . 
8 . 2 0 0 8 E - 1 5 
0 . 
2 . 2 7 1 3 6 - 1 7 
0 . 
7 . 6 0 0 0 E - 2 0 
0 . 
1 . 6 g 2 8 E - 2 2 




d . 5 5 9 3 E - 0 1 
1 . 0 4 3 0 E + 0 0 
1 . 1 5 5 0 6 + 0 0 
1 . 2 0 2 5 6 + 0 0 
1 . 2 1 0 1 6 + 0 0 
1 . 2 0 1 1 6 + 0 0 
1 . 1 8 8 0 6 + 0 0 
1 . 1 7 3 8 6 + 0 0 
1 . 1 5 8 0 6 + 0 0 
1 . 1 4 0 6 6 + 0 0 
1 . 1 2 2 6 E + 0 0 
1 . 1 0 5 2 E + 0 0 
1 . 0 8 g 4 E + 0 0 
1 . 0 7 5 7 E + 0 0 
1 . 0 6 4 6 E + 0 f l 
1 . 0 5 6 1 E + 0 0 
1 . 0 5 0 0 6 + 0 0 
1 . 0 4 5 5 6 + 0 0 
1 . 0 4 0 8 E + 0 0 
1 . 0 3 3 6 6 + 0 0 
l . a 2 3 4 E + 0 0 
1 . 0 1 3 4 6 + 0 8 
1 . 0 0 6 4 6 + 0 0 
1 . 0 0 3 0 6 + 0 0 
1 . 0 0 1 5 6 + 0 0 
1 . 0 0 0 8 6 + 0 0 
1 . 0 0 0 3 6 + 0 0 
1 . 0 0 0 0 6 + 0 0 
C2 
3 . 0 1 6 g 6 - 1 0 
2 . 6 6 2 1 6 - 1 0 
1 . 4 2 4 7 6 - 1 0 
8 . 2 4 8 9 E - 1 1 
3 . 7 3 3 8 6 - 1 1 
1 . 3 4 5 3 E - 1 1 
4 . 0 1 0 g E - 1 2 
g . 8 0 g 4 6 - 1 3 
l . g i 4 2 E - 1 3 
2 . 8 g 7 2 6 - 1 4 
3 . 2 g 5 1 6 - 1 5 
2 . 6 9 7 7 6 - 1 6 
1 . 4 g 4 g E - 1 7 
5 . 1 2 6 1 . E - 1 9 
9 . 4 4 1 5 E - 2 1 
7 . 1 1 4 8 E - 2 3 
8 . 9 i g g E - 2 6 
0 . 
2 . 9 0 2 7 6 - 3 0 
0 . 
6 . 8 4 9 9 E - 3 4 
0 . 
4 . 4 4 1 6 E - 3 7 
0 . 
6 . 0 0 9 4 6 - 1 . 0 
0 . 




2 . 3 4 8 0 6 - 0 6 
1 . 2 0 4 2 E - D 5 
3 . 5 5 9 7 E - 0 5 
7 . 2 2 7 4 E - 0 5 
1 . 1 7 2 6 E - 0 4 
1 . 6 5 3 7 E - 0 4 
2 . 1 0 5 8 E - 0 4 
2 . 4 8 3 8 E - 0 4 
2 . 7 8 0 g E - 0 4 
3 . 0 1 9 g E - 0 4 
3 . 2 3 3 9 E - a 4 
3 . 4 5 6 9 E - 0 4 
3 . 7 3 0 1 E - 0 4 
4 . 1 2 9 8 E - 0 4 
4 . 8 b 2 4 E - 0 4 
6 . 6 0 4 8 E - 0 4 
1 . 1 5 2 9 E - 0 3 
2 . 5 4 9 5 6 - 0 3 
6 . 0 1 0 6 E - 0 3 
1 . 2 8 7 2 E - 0 Z 
Z . 3 3 0 9 E - 0 2 
3 . 5 6 8 6 E - 0 2 
4 . 7 g 6 a E - 0 2 
5 . 9 0 6 6 E - 0 2 
6 . 8 9 6 1 E - 0 2 
7 . 8 0 5 1 E - 0 2 
8 . 6 6 9 6 E - 0 2 
C3 
1 . 1 5 1 9 E - 1 4 
1 . 0 3 5 2 E - 1 1 . 
6 . 1 9 1 1 E - 1 5 
2 . 7 3 2 6 E - 1 5 
7 . 6 5 7 6 E - 1 6 
1 . 5 0 9 8 E - 1 6 
2 . 2 6 8 8 E - 1 7 
2 . 5 7 0 3 E - 1 8 
2 . 0 8 6 6 E - 1 9 
1 . 1 5 5 6 E - 2 0 
4 . 1 3 0 d E - 2 2 
9 . 4 2 0 8 E - 2 4 
1 . 2 4 5 4 E - 2 5 
8 . 9 5 5 7 E - 2 8 
3 . 1 8 I . 9 E - 3 0 
4 . 7 4 6 1 E - 3 3 
9 . 1 5 8 7 E - 3 7 
0 . 
3 . 1 2 7 8 E - 4 1 
0 . 
7 . 7 7 1 7 E - 4 5 
0 . 
5 . 2 9 9 2 E - 4 8 
0 . 
7 . 5 3 7 2 E - 5 1 
0 . 
1 . 9 8 6 7 E - 5 3 
0 . 
N2 
5 . 8 7 0 5 E - 0 1 
b . 0 4 1 5 E - a i 
6 . 2 1 8 4 E - 0 1 
6 . 3 9 1 8 E - 0 1 
b . 5 5 3 3 £ - 0 1 
6 . 6 9 4 7 E - 0 1 
6 . 8 1 1 5 E - 0 1 
6 . 9 0 6 2 E - 0 1 
6 . 9 8 6 6 E - 0 1 
7 . 0 6 1 9 E - 0 1 
7 . 1 3 8 7 E - 0 1 
7 . Z 2 0 0 E - 0 1 
7 . 3 0 6 0 E - 0 1 
7 . 3 9 4 d E - 0 1 
7 . 4 8 4 5 E - D 1 
7 . 5 7 3 0 E - 0 1 
7 . 6 5 7 3 E - 0 1 
7 . 7 3 0 7 E - 0 1 
7 . 7 7 9 6 E - 0 1 
7 . 7 a 4 3 E - 0 1 
7 . 7 3 2 1 E - 0 1 
7 . 6 3 6 7 E - 0 1 
7 . 5 3 i g E - 0 1 
7 . i . i , 5 0 E - 0 1 
7 . 3 a 4 1 E - 0 1 
7 . 3 4 4 8 E - 0 1 
7 . 3 i g 9 E - D l 
7 . 3 0 5 2 E - 0 1 
CN 
3 . 2 5 3 3 E - 0 5 
3 . 7 1 Q a E - 0 5 
4 . 8 g 6 7 E - 0 5 
4 . 4 8 8 7 E - 0 5 
3 . 0 8 3 9 E - 0 5 
1 . 7 8 2 9 E - 0 5 
9 . 2 0 5 3 E - 0 6 
4 . 2 8 0 1 E - 0 6 
1 . 7 6 7 3 E - 0 6 
b . 3 7 8 3 £ - 0 7 
1 . 9 8 2 8 E - 0 7 
5 . 2 1 5 4 E - 0 a 
1 . 1 3 0 5 E - 0 8 
1 . 9 3 7 6 6 - 0 9 
2 . 4 5 0 1 E - 1 0 
i . g g i B E - i i 
6 . 8 7 2 4 E - 1 3 
0 . 
4 . 7 7 4 3 E - 1 6 
0 . 
1 . 1 1 3 0 E - 1 8 
3 . 1 1 6 9 E - 2 0 
0 . 
2 . 0 8 7 0 E - 2 1 
0 . 




1 . 1 1 7 0 E -
4 . 0 7 9 0 E -
8 . 3 Z 5 1 E -
1 . 2 6 3 2 E -
1 . 6 7 Z 0 E -
2 . 0 2 6 Z E -
2 . 2 g B 8 E -
2 . 4 7 8 7 E -
2 . 5 7 3 0 E -
2 . 6 0 0 6 E -
2 . 5 8 3 3 E -
Z . 5 3 9 i E -
2 . 4 8 0 5 E -
2 . 4 1 5 0 E -
Z . 3 4 6 5 E -
2 . 2 7 7 2 E -
2 . 2 0 7 5 E -
2 . 1 3 b 2 E -
Z . 0 6 0 2 E -
l . g 7 4 0 E -
1 . 8 7 1 2 E -
1 . 7 5 0 a £ -
1 . 6 2 0 5 E -
1 . 4 q 0 3 £ -
1 . 3 6 6 7 E -
1 . 2 5 1 4 E -
1 . 1 4 3 g E -
1 . 0 4 3 5 E -
- 0 3 
• 0 2 
• 0 2 
- 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
•01 
•01 
• 0 1 
• 0 1 
• 0 1 
• 0 1 
N 
3 . 2 3 7 0 E - 0 2 
3 . 3 3 7 1 E - 0 2 
3 . 4 5 1 6 E - 0 2 
3 . 5 3 0 5 t - 0 2 
3 . 5 2 3 5 E - 0 2 
3 . 4 2 1 5 E - 0 2 
3 . 2 4 6 a E - 0 2 
3 . 0 2 5 9 E - 0 2 
2 . 7 a O O E - 0 2 
2 . 5 2 5 6 E - 0 Z 
2 . 2 7 4 2 E - 0 2 
2 . 0 3 2 0 E - 0 2 
1 . 7 g 9 5 E - 0 2 
1 . 5 7 3 0 E - 0 2 
1 . 3 4 7 8 E - 0 2 
1 . 1 1 9 5 E - 0 2 
8 . 3 7 1 6 E - 0 3 
6 . 5 5 5 9 E - 0 3 
4 . 3 9 0 9 E - 0 3 
2 . 6 1 7 2 E - 0 3 
1 . I . 3 4 2 E - D 3 
a . 0 3 5 2 E - 0 4 
5 . 0 8 6 9 E - 0 4 
3 . 6 8 3 5 E - 0 4 
2 . g 2 8 2 E - 0 4 
2 . 4 4 7 2 E - 0 4 
2 . 0 5 7 5 E - D 4 " 
1 . 3 6 5 5 E - 0 4 
NO 
0 . 
1 . 4 0 6 3 E - 0 4 
5 . g g 7 5 E -
1 . 2 B 6 5 E -
1 . 9 1 6 3 E -
2 . 3 9 3 7 E -
2 . 7 4 i g E -
2 . g 6 7 9 E -
3 . 0 6 a 3 E -
3 . 0 6 5 7 E -
3 . 0 0 4 7 E -
2 . 9 3 03E-
2 . 8 7 8 8 E -
2 . a 8 2 1 E -
2 . g 8 3 g E -
3 . 2 7 47E-
- 0 4 
- 0 3 
• 0 3 
• 0 3 
• 0 3 
• 0 3 
• 0 3 
• 0 3 
• 0 3 
• 0 3 
• 0 3 
• 0 3 
• 0 7 
• 0 3 
3 . 9 7 4 9 E - a 3 
5 . 5 9 1 1 E -
9 . a 6 4 9 E -
1 . 5 5 3 9 E -
2 . 5 3 5 6 E -
3 . 7 1 2 9 E -
4 . 8 5 6 1 E -
5 . a i 3 8 E -
6 . 5 5 5 9 E -
7 . 1 1 6 7 E -
7 . 5 3 5 7 E -
• 0 3 




• 0 2 
02 
• 0 2 
•OZ 
0 2 





1 . Z 6 3 6 E - 0 5 
1 . 5 3 5 3 E - 0 5 
2 . 2 7 7 g E - T I 5 
3 . 1 5 5 3 E - 0 5 
3 . 8 1 2 3 E - 0 5 
4 . 1 4 4 9 E - 0 5 
4 . Z 0 9 9 E - 0 5 
4 . 0 7 9 6 E - a 5 
3 . 8 l 3 7 r - 0 5 ^ 
3 . 4 7 1 0 E - 0 5 
3 . 1 0 5 6 E - 0 5 
Z . 7 5 5 1 E - 0 5 
2 . 4 3 8 3 E - 0 5 
2 . 1 5 9 3 E - 0 5 
I . 9 1 3 7 E = B 5 
1 . 6 9 3 3 E - a 5 
1 . 4 8 9 6 E - 0 5 
1 . 2 9 5 3 E - 0 5 
1 . 1 0 7 4 E - D 5 
9 . Z 9 0 1 E - 0 6 
7 . 6 8 2 0 E - B & 
6 . 3 2 9 1 E - a 6 
5 . 2 4 7 5 E - a 6 
4 . 3 9 1 9 E - 0 6 
3 . 6 9 5 4 E - 0 b 
3 . D 9 6 5 E - 0 & 
2 . 5 4 g i » c - 0 6 
2 . 0 2 5 9 E - 0 6 
-
CO 
3 . 7 a 2 & E -
3 . 2 a 3 b £ -
2 . 5 8 7 i r -
• 0 1 
• 0 1 
• 0 1 
1 . 9 6 9 a £ - 0 1 
t . 3 9 5 8 E -
9 . 0 7 3 7 E -
5 . 3 3 1 9 E -
2 . 7 9 1 0 t -
1 . 2 8 2 5 E -
5 . 0 9 5 1 E -
1 . 7 i 8 9 E -
4 . 8 1 4 a E -
1 . 0 8 5 5 E -
1 . 8 a 0 7 £ -
2 . 3 1 5 2 E -
1 . 7 2 1 4 E -
4 . 3 9 6 4 E -
0 . 
4 . 6 3 7 3 E -
0 . 
2 . 3 6 3 B E -
0 . 
Z . 2 2 4 0 E -
a. 
2 . 1 8 T I 5 E -







• 0 2 

















7 . a 6 5 5 E - B 4 




2 . 3 5 2 5 E - 8 * 
1.3636E-a% 
7 . 0 4 8 9 E - e 5 
~ 3 . Z 3 Z 4 r - » 
1 . 3 0 4 3 E - a S 
4 . 5 6 3 0 E - a 6 
1 . 3 5 3 2 E - a 6 
3 . 2 9 4 7 E - e 7 
6 . 2 9 4 8 E - a e 
"B.T9^gBE-l9 
7 . 9 0 1 5 E - i a 
3 . 1 7 4 8 E - U 
0 . 
8 . 1 5 6 4 E - 1 $ 
6 . 9 5 1 0 E - 1 6 
B. 
6 . 6 a a 2 E - i a 
0 . 
2 . 9 3 5 2 E - 2 a 





































0 . 0 0 0 3 
• 0 3 7 0 
. 0 7 4 1 
. 1 1 1 1 
. 1 4 8 1 
. 1 6 5 2 
. 2 2 2 2 
. 2 5 g 3 
. 2 9 6 3 
. 3 3 3 3 
. 3 7 0 4 
. 4 0 7 4 
,41,1*1* 
, 4 8 1 5 
. 5 1 6 5 
. 5 5 5 6 
. 5 9 2 6 
. 6 2 9 6 
. 6 6 6 7 
. 7 0 3 7 
. 7 1 . 0 / 
. 7 7 7 9 
. 8 1 ' * 9 
. 8 5 1 9 
. 8 6 6 9 
. 9 2 5 3 
. 9 6 7 0 
1 . 0 0 0 0 
Y/RN 
0 . 
2 . 4 7 0 2 6 - 0 2 
5 . 4 4 5 1 6 - 0 2 
8 . 5 3 7 9 6 - 0 2 
1 . l i , ^ 8 E - 0 1 
1 . ' • 0 1 3 6 - 0 1 
1 . 6 2 5 1 E - 0 1 
1 . 8 2 6 1 6 - 0 1 
2 . 0 1 2 4 6 - 0 1 
2 . 1 3 8 1 * 6 - 0 1 
2 . 3 5 6 3 6 - 0 1 
2 . 5 1 7 0 6 - 0 1 
2 . 6 7 1 1 6 - 0 1 
2 . 9 1 8 0 6 - 3 1 
2 . 9 6 0 9 6 - 0 1 
3 . 0 9 7 1 , 5 - 0 1 
3 . 2 2 9 1 6 - 3 1 
^ . 3 5 6 3 6 - 3 1 
S . i + Z g b E - O l 
3 , 5 9 9 3 6 - 0 1 
3 , 7 1 5 0 6 - 3 1 
3 . 9 2 9 5 6 - 3 1 
j . g i ^ Q s e - o i 
4 . 0 1 , 9 1 6 - 0 1 
' . . 1 5 5 P E - 0 1 
' . . 2 5 9 9 1 1 - 0 1 
' . . 3 6 2 5 6 - 3 1 
' • . 4 5 3 3 6 - 0 1 
\l 
/ . 0 ' ^ 5 8 6 - Q 2 
1 . 3 5 8 5 6 - 0 2 
- 1 . 6 3 1 4 6 - 0 1 
- 4 . 6 1 8 3 6 - 0 1 
- B . 6 i ^ 2 9 6 - Q l 
- 1 , 3 3 8 4 6 + 0 0 
- 1 , 3 5 2 7 6 + 0 0 
- 2 . 3 8 6 ' * E + 00 
- 2 . 9 2 9 4 6 + 0 0 
- 3 . 1 * 7 6 9 6 + 0 3 
- 4 . 3 2 6 6 5 + 0 0 
- 4 , 5 7 7 3 C + 0 0 
- 5 . 1 2 8 5 6 + 0 0 
- 5 . 6 8 0 1 6 + 0 0 
- 6 . 2 3 2 1 6 + 0 0 
- 6 . 7 8 4 6 6 + 0 0 
- 7 . 3 3 / 5 6 + 0 0 
- 7 , 8 9 0 9 6 + 0 0 
- 8 . ' * 4 ' * 3 6 + 00 
- 3 . 9 9 9 0 6 + 0 0 
- 9 . 5 5 3 5 6 + 0 3 
- 1 . 0 1 0 8 6 + 0 1 
- 1 . 0 6 6 3 : + 0 1 
- 1 . 1 2 1 9 6 + 0 1 
- 1 . 1 7 7 ' , 6 + 01 
- 1 . 2 3 3 0 6 + 0 1 
- 1 , 2 8 8 5 6 + 0 1 
- 1 , 3 4 4 1 6 + 0 1 




























- 9 . 2 7 7 8 6 -





n T n T i L ( 3 T L I / F T 2 - S E C I = -
STANTON NUMP6-; = 
: . S » » ( l + J ) ^ 
R6YM0L0S NUM66^ = 










2 . 1 8 1 8 5 6 + 01* 
1 . 6 0 5 4 9 E + 0 4 
1 . 1 , 5 1 3 3 6 + 03 
3 . b i * 2 2 0 6 + 04 
1* .690556 + 0 1 
3 . 2 4 6 0 6 6 -
1 , 3 4 6 0 3 6 -






0 6 N S I T Y 
4 . 8 1 8 9 6 - 0 5 
3 . 6 0 1 , 9 6 - 0 5 
3 . 2 4 3 1 E - 0 5 
3 . 3 0 0 0 6 - 0 5 
3 . 6 4 2 9 6 - 0 5 
4 . 2 1 3 6 6 - 0 5 
4 . 7 7 4 6 6 - 0 5 
5 . 2 2 2 8 6 - 0 5 
5 . 5 6 8 4 6 - 0 5 
5 . 8 5 6 0 6 - 0 5 
6 . 1 2 2 6 6 - 0 5 
6 . 3 3 9 1 6 - 0 5 
6 . 6 6 3 0 6 - 0 5 
6 , 9 4 3 3 6 - 3 5 
7 . 2 2 1 , 9 6 - 0 5 
7 . 5 0 2 2 E - 3 5 
7 . 7 7 1 3 6 - 0 5 
8 . 0 3 0 0 6 - 0 5 
8 . 2 7 / 1 , 6 - 0 5 
8 . 5 1 3 5 6 - 0 5 
8 . 7 3 8 9 6 - 0 5 
8 . 9 5 3 9 6 - 0 5 
9 . 1 5 9 1 6 - 0 5 
9 . 3 5 5 0 6 - 0 5 
9 . 5 1 * 2 0 6 - 0 5 
9 . 7 2 C 1 6 - 0 5 
9 . 3 8 9 6 E - 0 5 
1 . 3 0 5 1 6 - 0 4 
ELECTRON 
DENSITY 
3 . 1 6 2 0 6 + 1 2 
2 . 7 3 0 8 6 + 1 2 
3 . 3 2 0 3 6 + 1 2 
3 . 0 9 0 2 6 + 1 2 
2 . 1 1 6 7 6 + 1 2 
1 . 3 7 7 9 6 + 1 2 
9 . 2 3 2 9 6 + 1 1 
6 , 2 6 2 7 E + 1 1 
4 . 2 6 5 7 6 + 1 1 
2 . 8 9 7 7 6 + 1 1 
1 . 9 4 3 1 6 + 1 1 
1 . 2 6 9 1 6 + 1 1 
7 , 9 5 8 2 6 + 1 0 
' • . 7 2 6 1 6 + 10 
2 , 6 2 6 2 6 + 1 0 
1 . 3 5 1 6 6 + 1 0 
6 , 3 8 7 0 6 + 0 9 
2 . 7 4 8 3 6 + 0 9 
1 . 0 6 7 6 6 + 0 9 
3 . 7 0 4 6 6 + 0 3 
1 . 1 3 3 0 6 + 0 8 
2 . 9 9 6 5 6 + 0 7 
6 . 6 6 5 6 6 + 0 6 
1 . 1 9 3 4 6 + 0 6 
1 . 5 9 2 1 6 + 0 5 
1 . 3 4 4 6 6 + 0 4 
' • . 2 2 9 9 6 + 02 
1 . 0 4 0 0 6 - 0 2 
TOTAL 
ENTHALPY 
2 , 7 4 ' ^ 3 E + 0 7 
5 . 5 2 8 7 E + 0 7 
8 . 9 2 6 1 E + 0 7 
1 . 2 6 8 9 E + 0 8 
1 . 6 0 8 9 E + 0 8 
1 . 9 3 8 7 E + 0 8 
1 . 9 5 8 3 E + 0 8 
2 . 0 0 7 5 E + 0 8 
2 . 0 2 3 6 E + 0 8 
2 . 0 2 7 0 E + 0 8 
2 . 0 2 6 1 E + 0 8 
2 . 0 2 4 3 6 + 0 8 
2 . 0 2 2 9 E + 0 8 
2 . 0 2 2 1 E + 0 8 
2 . 0 2 1 9 6 + 0 8 
2 . 0 2 2 2 6 + 0 8 
2 . 0 2 2 8 6 + 0 8 
2 . 0 2 3 6 6 + 0 8 
2 . 0 2 4 3 6 + 0 8 
2 . 0 2 5 0 6 + 0 8 
2 . 0 2 5 6 6 + 0 8 
2 . 0 2 6 1 6 + 0 8 
2 , 0 2 6 6 6 + 0 8 
2 , 0 2 7 1 6 + 0 8 
2 , 0 2 / 5 6 + 0 8 
2 , 0 2 7 9 6 + 0 8 
2 , 0 2 8 2 6 + 0 8 
2 , 0 2 8 5 6 + 0 8 
RHO V = 
HEAT TRANSFER = 
HEAT TRANSFER, BODY = 
DISPLAC616NT THICKN6SS/RN = 
MOMENTUM THICKNESS = 
L AT BODY = 
SKIN FRICTION ^ 
T DRAG C06F = 
P DRAG CC6F = 











, 2 8 7 6 8 6 -
, 4 1 3 2 5 6 -
, 7 g 6 B 4 6 -
-as 
- 0 1 
- 0 1 
, 6 B 7 3 5 E + B 7 
, 3 3 3 g 9 6 -
, 5 6 5 8 3 6 -
, 8 4 9 2 6 6 -
. 2 1 0 5 7 6 -
. 0 4 9 9 0 6 -
, 0 8 2 0 1 6 -
• 0 3 
-O i 
• 0 1 
• 0 3 















WALL MASS FLJX 
' • . 8 6 9 7 7 6 - 0 3 
- 3 , 8 3 9 4 3 6 - 0 6 
- 6 , 6 6 0 9 8 t - 0 5 
1 , 7 2 1 ^ 1 3 E - 1 0 
1 . 0 o 2 i * B E - 1 2 
1 , 1 9 6 6 7 6 - 1 3 
1 , 2 3 2 7 7 6 - 0 1 * 
8 . 9 5 1 * 7 7 6 - 1 2 
6 . 0 6 2 2 0 6 - 1 3 
1 . 2 0 2 8 9 6 - 1 9 
6 . 1 9 7 7 7 6 - 2 4 
2 . 9 9 1 * 3 6 6 - 1 3 
TOTAL 
MASS FLOW 
5 . 3 2 9 4 7 6 - 0 2 
2 . 1 4 7 1 , 0 6 - 0 1 
7 . 6 6 1 8 7 6 - 0 3 
1 . 2 3 5 1 1 6 - 0 4 
1 . 1 . 8 1 * 9 3 6 - 0 3 
2 . 5 1 1 4 1 6 - 0 / 
4 . 2 0 3 2 8 6 - 0 3 
1 . 5 5 3 8 / 6 - 0 5 
2 . 3 9 1 0 5 6 - 0 / 
• • . 2 7 9 3 5 6 - 1 4 
1 . 8 2 5 7 4 6 - 1 3 
1 . 3 5 6 9 2 6 - 0 / 
FL0W(PAR 
1 , 4 6 4 4 
6 , 7 3 9 6 
4 , 2 1 0 5 
7 , 7 5 2 7 
4 . 3 5 1 0 
7 . 3 5 8 6 
1 . 3 1 9 4 
3 . 1 0 4 4 
1 . 7 5 B 3 
1 . 5 6 6 3 
4 . 4 5 5 1 
4 . 5 9 5 1 
/ S 6 C ) 
16 + 2 5 
06 + 2 5 
8 6 + 2 1 . 
6 6 + 2 2 
b6 + 2 3 
2 6 + 1 9 
3 6 + 2 4 
2 6 + 2 1 
96 + 20 
8 6 + 1 3 
8 6 + 0 8 




























































































































































































































































2 4 3 5 b 3 6 E + 0 0 
5 n 9 5 6 9 7 E + a O 
7 9 8 0 1 8 2 E + 0 0 
1 0 6 9 0 9 1 E + 0 0 
4 1 . 2 2 4 2 4 E + 0 0 
7 9 8 0 1 8 2 E + 0 0 
1 7 6 2 3 6 4 E + 0 U 
5 7 b 8 9 7 0 E + 0 0 
o o o o o a o E + 0 0 
4 4 5 5 4 5 5 E + 0 Q 
9 4 6 3 7 1 2 E + 0 0 
5 0 2 ' , / 7 3 E + 0 0 
1 1 3 8 6 3 6 E + 0 0 
7 3 0 5 3 0 3 6 + 0 0 
5 3 2 ' * 7 7 3 6 + 0 0 
0 2 7 9 / 3 5 6 + 0 1 
1 1 1 2 2 1 2 6 + 0 1 
2 0 0 0 0 0 0 5 + 0 1 
2 9 4 3 0 6 8 6 + 0 1 
3 9 8 / 6 7 / 6 + 0 1 
5 1 3 3 8 2 6 6 + 0 1 
6 3 8 1 5 1 5 6 + 0 1 
7 7 3 0 7 ' . 5 6 + 0 1 
9 1 8 1 5 1 5 6 + 0 1 
0 7 3 3 8 2 6 6 + 0 1 
2 3 6 7 6 7 / 6 + 0 1 
4 1 1 * 3 0 6 6 6 + 0 1 
b o o o a o o e + o i 
/ • 3 5 8 ' . / 2 6 + 0 1 
0 4 0 6 9 / 8 6 + 0 1 
3 3 4 5 5 1 6 6 + 0 1 
6 7 7 4 0 8 / 6 + 0 1 
0 6 9 2 6 9 2 6 + 0 1 
5 1 0 1 3 2 9 6 + 0 1 





































. 0 0 5 1 4 3 4 E -
. 6 0 0 0 g i 5 E -
. 2 4 1 1 1 3 3 E -
. 9 2 6 1 6 7 6 E -
. b 5 4 2 1 2 9 E -
, 0 4 2 5 4 0 4 E -








. 2 0 g 3 2 3 0 E - 0 
. 2 9 8 7 0 2 5 E -
. 3 9 2 0 1 5 4 E -




. 5 g 7 4 8 4 9 6 - 0 
. 7 1 6 4 7 3 9 6 -
8 4 6 1 3 6 0 6 -
. g 8 6 4 2 1 3 6 -
. 1 3 7 4 6 3 8 6 -
. 2 9 9 5 0 7 2 6 -
472711.1*6-
• 6 5 / 4 8 7 6 6 -
. 8 5 4 3 2 g 4 6 -
0 7 3 2 g 6 1 6 -
3 1 5 0 1 , 4 3 6 -
5 3 0 5 4 7 2 6 -
6 6 9 1 1 7 7 6 -
1 3 1 0 0 3 0 6 -
5 1 8 8 7 9 0 6 -
8 3 1 * 2 3 7 7 6 -
2 / 8 5 7 4 6 6 -
7 0 J 3 8 1 0 6 -
1 6 0 i ^ l 6 8 6 -
7 4 4 1 1 3 0 6 -
4 6 5 3 7 4 1 6 -
3 3 2 2 4 5 7 F -
3 5 1 6 0 4 9 6 -
0 5 3 6 Q 7 0 E -

































































































. 3 0 8 6 3 8 1 6 
. 5 5 6 8 B 5 2 E 
. 0 9 3 3 3 5 5 6 -
- 0 3 
- 0 4 
- 0 3 
. 2 2 0 8 4 2 6 E - 0 3 
. 6 4 0 4 6 3 2 6 -
. O g i 3 0 8 8 E -
. 2 1 4 3 1 0 5 E -
. 9 5 5 b 9 1 5 E -
. 7 5 8 5 9 1 1 E -
• 4 9 5 7 9 7 2 6 -
. 2 2 7 9 6 4 9 E -
- 0 3 
- 0 3 
- 0 3 
- 0 3 
• 0 3 
- 0 3 
- 0 3 
. 8 6 2 4 4 7 5 E - 0 3 
. 3 9 3 9 5 5 0 6 -
. 6 3 1 0 3 2 1 6 -
, 1 1 9 7 0 6 1 6 -
, 9 8 0 3 0 1 3 6 -
. Q 5 1 5 2 4 3 E -
2 5 5 6 1 , 5 2 6 -
. 9 9 3 0 9 5 9 6 -
. 5 5 0 2 4 9 1 6 -
. 0 6 9 3 7 2 9 6 -
. 4 4 9 8 2 1 3 6 -
, 8 4 7 g 3 1 3 e -
. 4 4 5 5 2 8 2 6 -
. 9 2 6 3 1 4 0 6 -
2 5 2 3 6 D 5 E -
. 6 0 6 2 1 5 7 6 -
3 8 4 2 7 1 1 6 -
. 1 0 7 7 5 6 8 6 -
3 9 8 3 2 9 1 6 -
7 0 7 3 b 8 5 6 -
. 5 0 i , 4 b 5 7 6 -
0 9 2 5 1 4 8 6 -
1 1 0 4 9 2 7 6 -
3 5 3 1 3 1 7 6 -
8 1 5 1 8 2 1 , 5 -
- 0 3 
- 0 3 
- 0 3 
- 0 4 
- 0 4 
•03 
• 0 3 
• 0 3 
0 3 
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1 . 9 7 8 3 9 6 5 E -
2 . 3 1 3 6 5 7 5 E -
• 0 8 
• 0 8 
2 . 7 0 i g 0 7 3 E - 0 8 
3 . 1 4 3 1 1 3 g E -
3 . 6 5 7 2 0 0 4 E -
4 . 2 3 4 8 1 8 8 E -
4 . 8 8 6 4 3 5 8 E -
5 . 6 1 7 7 6 b 8 E -
• 0 3 
0 8 
•08 
• 0 8 
• 0 8 
6 . 4 3 5 1 9 1 6 E - 0 8 
7 . 3 4 5 2 0 4 3 E -
8 . 3 5 4 4 0 4 8 E -
- 0 8 
- 0 8 
9 . 5 5 0 0 4 3 0 E - 0 8 
1 . 0 9 5 2 3 0 7 6 -
1 . 2 5 8 3 2 5 7 6 -




1 . 6 6 3 1 5 2 9 E - 0 7 
1 . 9 1 0 7 1 0 3 E -
2 , 1 9 2 9 0 2 0 E -
2 . 5 1 3 7 3 8 6 E -
2 . 8 7 7 6 1 8 8 E -
3 . 3 0 9 0 9 7 3 E -
3 . a i 7 9 5 7 4 £ -
4 . 4 1 5 2 2 8 9 E -
5 . 1 1 3 7 0 4 g E -
5 , 9 2 9 0 7 6 3 E -
6 . 8 7 9 1 7 2 0 E -
7 , 9 8 3 7 2 7 9 E -
g , 2 6 5 5 3 2 0 E -
1 . 0 7 5 0 1 3 8 6 -
1 . 2 i ^ b 6 2 9 1 5 -
1 . 4 8 i ^ 0 9 0 5 E -
1 . 3 0 5 1 0 3 g E -
2 . 2 3 1 0 3 2 5 6 -
2 . 7 8 9 7 2 9 9 6 -
3 . 5 1 2 6 9 0 4 6 -
1 , . 4 4 7 1 8 8 5 6 -
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VIII. RESULTS FHOM COMPUTER PROGRAM 
The present computer program has "been used to solve a large numher of problems but this is only a small 
part of the number possible. One of the original problems solved was the viscous thin shock layer for non-
equilibrium air as reported in Reference h. Additional solutions have been obtained to this problem where 
the effects of shock slip, multicomponent diffusion and a fully catalytic recombination wall have been taken 
into account. At low Reynolds numbers, the shock slip effects are important as shown in Fig. 8.1 where the 
present results have been added to Fig. 9 of Reference h. The low Reynolds number effects on local skin fric-
tion are illustrated in Fig. 8.2. The boundary layer and vorticity interaction results are from Ho and Prob-
stein . The results for electron number density as given in Fig. 8 of Reference k are presented in Fig. 8.3 
with the latest results included for comparison. There is no difference at the low altitudes and a slight 
change at the high altitudes. 
Additional thin viscous shock layer solutions have been obtained and compared to other theories in Fig. 
8.1+ and to experimental results in Fig. 8.5. The theory of Lee and Zierten is more approximate than the 
U2 
predictions of Bellinger . In both cases a merged layer approach is employed where the Navier-Stokes equa-
tions are solved through the shock layer. The present results are in close agreement with those of Dellinger 
except near the wall where different boundary conditions have been applied. The present method also is in 
reasonable agreement with the experimental results of Kaegi and McMenamin . In the present method the details 
20 
in the shock trajisition zone are not obtained, but the theory of Cheng can be used for this information. The 
present studies indicate that the effects of multi-component diffusion for air are small and this is in agree-
ment with resiilts of Adams. ' 
Results for the shock layer have been obtained for a body with a 1-inoh nose radius at altitudes as low 
as 100 Kft. At these conditions a boimdary layer and a relaxation layer behind the shock wave develop as 
shown in Fig. 8.6. A variable grid system was used to obtain the results at 100 Kft altitude. At this alti-
tude the teniperature in the middle of the shock layer is in agreement with inviscid flow predictions for air 
in local chemical equilibrium. 
The present results are obtained in the transformed boundary layer type coordinate system. The shock 
layer thickness ri is correlated in Fig. 8.7 to show the variation with shock Reynolds number. The actual 
physical thickness only varies slightly with the shock Reynolds number. 
Additional results have been obtained for the heat transfer from the thin shock layer theory. These re-
sults are compared to theoretical predictions of Tong and Suzuki in Figures 8.8 and 8.9. The present results 
are for a complete air gas model while Tong and Suzuki use a binary gas model with slightly different wall 
conditions. The present results for a noncatalytic wall are different from the results of Tong and Suzuki, 
while the catalytic results are in reasonable agreement. As shown in Figure 8.9 there can be a significant 
decrease In heat transfer at certain altitudes when the surface is noncatalytic. 
In all of the previous solutions, It was assiuned that the shock is concentric with the body. The effect 
of changing this assumption Is illustrated In Figures 8.10 and 8.11 where the shook radius has been varied. 
These results are for a binary gas mixture of oxygen and a freestream velocity of 20 Kfps at an altitude of 
100 Kft. When the shook is oonoentrlo with the body, the value of RJT/R.V = 0.95. In Fig, 8.10 the shock 
Btand-off distance is given for an invlsold air solution of Lomax and Inouye •^ and viscous shock Isyer solution 
of Davis . These results Indicate RU/R ̂^ should be approximately 0.86. The effect of varying the shook radius 
on the skin friction and heat transfer Is given in Fig. 8.11. There is a small effect on skin friction btit a 
significant effect on the heat transfer. 
Air boundary layer solutions have been obtained previously for flow along a sharp cone and a hyperbolold 
and these results were presented in Reference 5. The cone results were compared to other theoretical results 
and reasonable agreement was obtained. The predictions are very sensitive to the reaction rates and transport 
properties employed. The results for the hyperbolold neglected the swallowing on the inviscid flow. A new 
boundary layer solution along the hyperbolold has been calculated with the effects of swallowing of the 
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inviscid flow included. These results are presented in Figures 8.12 to 8.16. The variation of the Stanton 
nxmber and skin friction along the surface are given in Figures 8.12 and 8.13. "he heat transfer is slightly 
changed when swallowing is taken into account while there is a more significant influence on the skin friction. 
The velocity profile shape is not affected much by swallowing but the magnitude of the velocity is approxi-
mately 50^ greater. The temperature profile shape has changed and the peak temperature is 6850 R while pre-
viously the value was 8530 R. The profiles of the various species are given in Fig. 8.16 and are significantly 
different from the results of Reference 5. V/ith swallowing taken into account, the gas at the edge of the 
boundary layer at X/R_ = 50 is only slightly dissociated and ionized. Results for this problem have also 
been obtained with r\ = 1 5 with the results changing only a small amount and this is investigated next for a 
binary gas raixtiu'e. 
The boundary layer flow along a hyperbolold for a binary gas mixture has been obtained and some of these 
results were reported by Davis . These results are for ri =5.5. Additional results have been obtained for 
Ti =15.0 with the effects of swallowing taken into account. Also the effects of the shocK shape have been 
investigated by obtaining the perfect gas inviscid flow solution with two values of y. The velocity, tempera-
ture and atom mass fraction profiles at several distances along the hyperbolold are given in Figures B.I7 to 
8.19. The results for two values of n are compared to the viscous shock layer results, with the 1 = 1 5 results 
in perhaps better agreement when y is smaller. The heat transfer and skin friction are given in Figures 8.21 
and 8.22. The boundary layer results obtained with the shock shape for the smaller y ^^d -n = 1 5 are in better 
agreement with the viscous shock layer results. 
Additional boundary layer results have been obtained for a binary gas mixture of oxygen for a flat plate 
and cone. Boundary layer calculations for air have also been obtained for a sphere-cone. Other gas models 
have been utilized and some of these results have been presented in Reference 7. This study was concerned 
with both stagnation point shock layer and boundary layer solutions along carbon bodies. ^ carbon-air gas 
model was used and boundary conditions corresponding to oxidation and sublimation of carbon were employed. 
Also boundary layer solutions for ionized nitrogen and oxygen-hydrogen gas mixtures have been obtained. These 
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SHOCK SLIP 
MULTICOMPONENT DIFFUSION 
FULLY CATALYTIC RECOMBINATION 
WALL (IWC - 4) 
10' 
250K 
j _ J "'\ I 
aoo aoi aa2 ao3 0.04 
Y/R^ 
0.05 ao6 ao7 at 
FIG. a 3 - ELECTRON NUMBER DENSITY ACROSS SHOCK LAYER 
155 
14 F r 
10" : 
10̂ 3 r 
10' 
Voo = 23 Kfps 
R., = 0.675 in 
N 
T = 1500°K 
w 
215 Kft 1 NONEQU I LIBRIUM VISCOUS. 
227 Kft ' SHOCK LAYER 
215 Kft 
227 Kft 




0.00 0.05 0.10 0.15 0.20 0.25 
y/RN 














EXPERIMENTAL POINTS FROM 









P«,= 1.3 psf 
FREE STREAM VALUE. 
0.08 a 10 a 12 0.00 0.02 0.04 ao6 
FIG. 8.5 - COMPARISON OF SHOCK LAYER RESULTS WITH EXPERIMENT 
157 
14000 r 
V ^ = 20 Kfps 







J I I I I 
•0.00 0.01 0.02 0.03 0.04 a05 a06 0.07 
y/R^ 
VISCOUS SHOCK LAYER 





FIG. 8.7 - THICKNESS OF SHOCK LAYER IN 









V<„= 26 Kfps 
R^ = 1FT 






160 180 200 220 240 260 280 300 
ALTITUDE (Kft) 



























R^ • 1 IN. 
V - 20 Kfps 
oo ' 
^^ 
, R, . 1 FT 
I V „ - 2 6 Kfps 
'? . ( ' 
frtii i 
O PRESENT THEORY 
D TONG AND SUZUKI 






FIG. 8.9 - EFFECT OF WALL CONDITIONS ON HEAT TRANSFER 
i 6 i 
a 10 
A/R 
flHARY GAS MIXTURE OF Ottmi 
100 Kft ALTITUDE 
V, =20 Kfps 
• 1000°K 
• 1" 
A INVISCID AIR FLOW (LOMAX & INOUYE) 
n VISCOUS SHOCK LAYER (DAVIS) 
a5 a 6 a9 LO 
^N '̂̂ sh 
F14 t i l - EFFECT OF SHOCK RADIUS ON THE 
SHOCK STAND-OFF DISTANCE 
162 




100 Kft ALTITUDE 
V„ - 2 0 Kfps 
T^ • 1000°K 
R • 1" K^ 1 
,•» •! e •« i j " ' * " 
e e / \ e i 
St/(St), rj\ - V 
' i'^^'., ViU *? u 
' j ,*H' 
(St)j • 2.2p;|^10"'̂ . 
r-\:W. M' #•'* ri'M^./ G' ^Re" \ • • a 600 
as, ,'o*a6' /. ̂ m7 a8 a 9 1.0 
^N^'^sh 
Fia 8.11 - EFFECT OF SHOCK RADIUS ON 
SKIN FRICTION AND HEAT TRANSFER 
163 
10 •Ir 





T - 1400°K 
w 
V • 20 Kfps 
oo '^ 





CATALYTIC WALL WITH SWALLOWING 
I 1 
a 01 ai 1 
(S/R )̂ 
10 
Ft& 8.12 - s^ i i io i i wmsm ALONG HYPERBOIDID FOR AIR 


























1 1 1 
ao a2 a4 a6 as LO 
u/u 
e 
FIG. a 14 - VELOCITY ACROSS BOUNDARY LAYER 










T„ = 4856°R 
e 
\ 
J L J I 
0 a2 a4 a6 as i.o 1.2 1.4 L6 
FIG. 8.15 - TEMPERATURE ACROSS BOUNDARY LAYER AT XIR^. = 50 
ON HYPERBOLOID FOR AIR ^ 
167 
a 30 







NO 0 °2 "̂ 2 
No"̂  X10^ ' - - - c : ^ - , / I 
\ \ \ I i ) 1 \ ^  / 
ao6|- y I i X 
_____ y ___._y 
10'̂  10'̂  10'̂  ^ 10'̂  10"̂  
i 
FIG. 8.16 - MASS FRACTION OF CHEMICAL SPECIES ACROSS BOUNDARY 



























7̂3 = 15.0 
1.0 
BOUNDARY LAYER 
5.5 ) (SHOCK WITH 7 =1.1) 
SHOCK LAYER (DAVIS) 
FIG. a 17 - VELOCITY PROFILES ON HYPERBOLOID 
FOR BINARY GAS MIXTURE 
I 
p*
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APPENDIX A 
Conditions Behind Shock with S l ip 
The condi t ions behind a shock wave on a b lunt body as i l l u s t r a t e d i n Fig , 1*. (|re detaniiia«d i n Ifee follow-
ing a n a l y s i s . The ve loc i t y t a n g e n t i a l t o the body behind the shock i s wrxtten «ss 
u . = v„ COS 5 - v^ s i n 8 (A-l) 
t n 
T*iere 6 = S - CD. The v e l o c i t i e s normal and t a n g e n t i a l to the sh(xk iHnF» aa?e v„ asA v„ , r e ^ a e M v e l y and are 
obtained from the modified Hankme-Hugoniot r e l a t i o n s which give 
v^ V cos m (A-2a) 
^n Psh • 
dVg 
v„ » y s in 8) - '-T^ r=^ U-2b) 
2 . CO " • " ' " » ' p V c o s <p d y 
Ibe v e l o c i t y u , becomes 
(A-3) 
, dv 
P^ ^sh °°^ h 
u , = V ( s in 03 COS 5 + —^ cos CD sin 5) TT „„ ,„ T=^ 
Sh eo ^ P , p V c o s tp c ^ 
Kaar the stagnation point the above trigonometric fxmctions are expanded, giving 
/, 1 2 < dv 
D u 2 ^ -̂  ̂  6 " ' , , , , 1 2 K dy 
Psh p V (1 - - cp •••) ^ 
03 CO e^ 
The angles are related to x by the following relations: 
(A-5a) 
+ 0 (x̂ ) (A-^) 
178 
=—tf-^>°-=' (A-5c) 
Ihe density behind the shock, p , , i s a function (jf x and i s expressed as 
Psh ° ' ^ 
since the density is symmetrical about the stagnation point. The velocity becomes 
V X 
«N 









«sh I ^^ 
j ^ ^ a n d e = p/p^^^-
I f the shock i s concentric with the body, -Hien s = 1 , "Hie derivative of the tangential ve loc i ty a t the shock 
is 
dv 
t Su c ^ 6v . , 
,» = TH c°s 6 •*• "^ s in 6 
dy Sy 3y 
(A-7) 
where 
cu _ 5u 5x ^ &u oy 
Sy 9x oy Sy dy 
Bv _ Sv 3x dv oy 
By 3x By By By 
The following relations relate the body and shock coordinate systems: 
(Rg^ * y) sin cc - (y + Rjj) sin e = 0 
(Rgĵ  + y) cos ID - (y + Rĵ ) cos e - Rgjj (s - 1) = 0 
The above represent two implicit functions with the four variables y, qs, y and 9. The total differentials of 
these functions are zero and are expressed as the following when dtp = 0; 
- sin cp dy + sin 6 dy + (y + R. ) cos 9 d9 = 0 
- cos cp dy + cos 9 dy - (y + R^) sin 9 de = 0. 
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These equations are solved for the desired derivatives which give 
-i = sin 9 sin cp + cos 9 cos cp • cos 6 (A-8a) 






(1 - s) sin tp 
With relations (A-8) employed in (A-7) and the relations (A-5) used to express the angles, the derivative (A-7) 
becomes 
dv. 
t̂ , Su I (1 - s)x 




2̂ 1 >2 X (1 - s) 
^ , sh ^||-°(^^)l^g ^ (1 - s) 0 (x^) (A-9) 
Ttie v e l o c i t i e s u a n d v n e a r t h e s t a g n a t i o n p o i n t a r e expanded a s 
u = u ^ x + U- X • • . 
V = V + V X + 
w i t h t h e f o l l o w i n g d e r i v a t i v e s becoming 
M . ^ " l d f ' 
By ^y ' • • • ^ " ^ s h - ^ y 




When t h e above r e l a t i o n s (A-IO) a r e vised i n (A-9) and t h i s i s a n p l o y e d i n ( A - 6 ) , t h e v e l o c i t y n e a r t h e s t a g -
n a t i o n p o i n t becomes 
V = ^ ^ [ 3 ( 1 - 0 . e l . ^ i -
( 1 
sh sh 
• ' ^ \ 
V ] 
d f ' 




-̂ 0 (x-^) ( A - n ) 
The v e l O o i % - g r a d i e n t b ^ i n d t h e ^ o o k a t t h e s t a g n a t i o n p o i n t becomes 
du sh 




D - 1 + 
Re \ ^^ " ^ \ d̂  '^WV \ df\ Vp (1) 
d e pressure behind the shock wave transition zone i s 
2 2 
CO CO CO ^ s h " P ^ * P-.^- '=°3 cp (1 - e) . 
This expression is approximated near the stagnation point as 
.,:(.-(-)%=...)(+,..: 
The pressure gradient at the stagnation point is 
* s h 2pj„x -
, . ^ 
The value of e becomes 
du 
sh 
s = P, 
dx 
(A-13) 
The value of V behind the shook is obtained from 
V = ('•S*4) 2s L^B.r;^ (Pu) u r ^ J \ Sx VH 
'̂  r e b 




( p . ) , u ^ r , ^ ^ a . - ( p . ) , ^ x ^ ( - 3 ) 
The value of V at the stagnation point becomes 
V = M, 




When equation (A-12) i s einplciyed in (A-li+) and the Rankine-Hugoniot relation 
P I.V u ^ " P ^ s h s h CO a 
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i s enployed, the follovdng i s obtained: 
e Re D s 
sh j a * j) [s(l - e) • e ] | 
(A-IS) 
k - H 
FIG. lA - FLOW CONFIGURATION 
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APPENDIX B 
Nonlinear Overrelaxation Method 
In order to conpare the finite difference and nonlinear overrelaxation methods for solving the boundary 
layer type equations, a binary gas mixture is considered. The two methods are used to solve the boundary layer 
equations at the stagnation point on a blunt body with a velocity of 20 Kfps and at a 100 Kft altitude. The 
rates of convergence of the two methods are compared. Also, the procedure for applying the nonlinear over-
relaxation method to a multicomponent gas mixture is indicated. 
The Equations (17) for a multi-component gas are reduced to the following equations when the quantities 
I, c , Pr, Le. (all the same), and c (all the same) are constants: 
d f' _ V df' B 
dii " ̂  d̂ ^ L M e 
= 0 (B-la) 
df ^ dn Me ^ V B W XS T W/ \A "M/ 
(B-lb) 
ifA PO±A,Pjl^ (!AU 
^=2 jj Le d^ i Le \ p / 
(B-lc) 
? = V(0) - / f' dl) (B-ld) 
where 
e 
The equation of state (3) becomes 
2M 
1 + c, / RT A/ 
i_ U- (B-2) 
The chemical production terra for atoms for a diatomic gas i s expressed as 
^ = P Y „ K ( 1 - = A ) - 2 V P = > , (B-3) 
where 
p = 0.51536 p (gra/cm^ 
For the case of d i s soc i a t i on of oxygen (0 + M :± 20 + M) the concentration of the third hody, Vj., i s s t r e s s e d 
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\ ' W \ ' * ^ ' ' A 
(B-U) 
and the rate ocmitants are taken as 
^ ^ ^jj-1 ^Un 3.61 X 10^8 - 59ltOO/TK) 
^ ^ , ^ - . 5 ^(tn 3.01x10^5) 
(B-5a) 
(B-5b) 
The deri^wbiwes of tbe production term with respect to 9 and c, for oxygen are 
l e (T)- -T (-' ' 59U00/TK) L^ . 2.5 i^ (B-6a) 
% (̂ )- -. \^ [ (r^)- (r^) • . - ^ 1 - -. Kr^) 't^^.W (B-6b) 
where 
^f = '^f \ (^ - ° A ) / ( ^ A ) 
h - P' Vn4K 
The momentum, energy, and species equations are of the following form: 




Momentum Eg. (W = f ' ) 
• = 1/X 
i ( r ) 2 . ^ i 
M eJ 
Energy Eg. (W = 9) 
+ = Pr/x 




S p e c i e s Eg. (W = c ) • • . 
* = Pr/(i Le) 
tp = ijte (w^ /p ) 
Bv , B / , N 
__ = ê ^ (yp) 
Before the method of finite differences is applied to Equation (B-7), the nonlinear term tp is linearized 
and the resulting equation is written as 
djf ^ dn 2 3 
(B-8) 
where 
a = -V^i 
^2 BW 
o, = cp 
Sep 
3W 
Hie ordinary differential equation (B-8) is written in finite difference form as 
W ^, - 2W + W , W ̂ , - W , 
n+1 n n-1 . n+1 n-1 4. . u j. _ n 
5 + Q', + Of-W + or » 0 
2 1 OAT^ 2 n 3 hT " 2 All 
KilS gives a system of linear algebraic equations of the form 
(B-9) 
A W , + B W + C W . = D n = 2,3, • • (N-l) 
n n+1 n n n n-1 n 
(B-10) 
where 
A = 1 + a, ATl/2 
n 1 
B^ = -2 + 0-2 ATl̂  
C^ = 1 - a-̂  ATi/2 = 2 - A^ 
D = - Alî Q', 
n 3 
The boundary conditions (3I;) for the system of equations are written as 
\ = -'̂ 1̂ 2 "" '̂l (̂1 = ̂ ) (B-lla) 
\ ' \ ^̂N = ° ^^^ \ - ^^ (B-llb) 
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where A., D , and D are determined from the boundary conditions at ihe wall and outer edge. Diese parameters 
have the following values for the various conservation equations: 
Tangential Momentum Equation 
Aj_ = Oj D^ = 0; Djj = 1 (B-12a) 
Baiergy Equation (wall temperature spec i f ied) 
A^ = 0; D^ = ^ / T ^ j Djj = 1 (B-12b) 
Species Equation (catalytic wall ) 
Aj^ = 0; D^ = 0; D̂ ^ = c^ (B-12c) 
e 
The l i n e a r a lgebra ic eqiiations (B-10) with boundary condit ions (B-11) a r e a system of the t r i d i a g o n a l form and 
a re r e a d i l y solved. I f the ordinary d i f f e r e n t i a l equation i s l i n e a r , then a-., o'„, and a are known q u a n t i t i e s 
and the f i n i t e - d i f f e r e n c e procedure w i l l give the so lu t ion d i r e c t l y . Of course , the equations of i n t e r e s t a re 
nonl inear and cy , cv , and a^ a r e not known as they a re a function of W. In order t o apply the f i n i t e - d i f f e r e n c e 
3 _(j_) 
procedure the quantities ct-, , (Y_, and o, must be approximated by assuming an initial distribution for W . 
1 2 3 /^N 
Then t h e so lu t ion can be obtained to give a new value of W . This procedure can be repeated u n t i l the 
assumed value of W i s the same or nea r ly the same as the ca lcu la ted value of W . 
To obtain converged p r o f i l e s , e s p e c i a l l y for b lun t bodies a t low a l t i t u d e s , t he i t e r a t i o n procedure can be 
veiy s e n s i t i v e t o the i n i t i a l approximations of the p r o f i l e s . Therefore, the est imated d i s t r i b u t i o n of W 
and the ca l cu la t ed value of W are weighted to obta in a new est imated value of W for t he next i t e r a t i o n as 
fo l lows: 
w ( i ^ = W ^ - l ^ . . ( w ( i ) - w ( - l ) ) (B-13) 
The method of nonlinear overrelaxation as developed by Lieberstein*'' (also called method of accelerated 
successive replacements) is now applied to Equation (B-7). At a point n in the interval of integration. 
Equation (B-7) is replaced with difference quotients to give 
W - 2 W + W W - W 
f (w ) = ̂ iii a ^ - V* -.sii ^^ + cp (w ) = 0 (B-ih) 
" AT 2AT1 "̂  
An initial variation of W across the interval of integration is assumed and W is considered the unknown in 
n 
Equation (B-lU). This equation is nonlinear in the unknown ¥ and cannot be solved for directly. A Newton-




This is not strictly speaking a catalytic wall. 
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where 
Bf_ _ _ 2 _ _!_ Bt£ 
oW " " .t2 SW 
n ATI 
The values of Bcp/BW for the various conservation equations are given in Equation (B-7). There are two 
ways to apply the iteration relation (B-l5) to a system of ooi5)led equations of the form of Equation (B-7). 
One method is to uncouple the equations and solve one equation at a time. For each equation the iteration 
relation (B-15) is applied at n = 2, 3, ••• across the layer from the wall to the outer edge. The second 
approach ia to keep the equations coupled and Improve the assumed solution for all of the dependent variables 
with the iteration relation (B-I5) at n = 2. Then new values of the dependent variables are found at n = 3 
with the iteration relation. This procedure is repeated for n = k, 5, . . . until the outer edge of the layer is 
reached. For either of the above methods, the next step is to repeat the solution of the equations until the 
calculated solution is sufficiently close to the previous solution. 
In the iteration relation (B-l5), the weighting factor CD should be such that 1 £ tu < 2 as indicated by 
Lieberstein. From this investigation, the optimum value (fastest convergence) of the relaxation factor tu is 
1.6 for the binary gas mixture with unstable solutions resulting -vSien w is 1.7. 
The above procedures have been applied to the boundary layer solution at the stagnation point of a blunt 
body with the following conditions: 
Altitude = 100,000 feet 
U = 20,000 fps 
CO 
T_̂  = 226.98°K = hOB.56k'R 
p = 23.272 psf = 1.0997 X 10"^ atm, 
p = 3.318 X 10"^ s lug / f t ^ 
M = 20.178 
CO 
p ' = 12,772 psf = 6.0352 atm. 
T' = 12,593°R = 6,996°K 
T̂^̂  = lliOO°K = 2520''R 
Rj, = 1 inch 











c = .99293 (equilibriura composition) 
The equi l ibr ium conjjosition i s obtained from the following r e l a t i o n : 
=A = 'H 1 + X (B-16) 
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Trfiere 
•x = U ( . 5 1 5 3 6 ) ^ ^ 
f e 
The f i n i t e - d i f f e r e n c e and nonl inear over re laxa t ion techniques a r e appl ied t o t h i s problem to obta in the dependent 
va r i ab l e s f', 9, and c across the boundary l a y e r . The i n t e r v a l of i n t e g r a t i o n i s taken as 0 s T] s 5.8 with 
AT] = 0.2 which gives a t o t a l of 28 po in t s a t which "the dependent v a r i a b l e s a r e unknown. I n i t i a l l y , a l i n e a r 
v a r i a t i o n i s assumed across the boundary l aye r connecting the known boundary cond i t i ons . 
When the conservation equat ions are uncoupled and the dependent va r i ab l e s a r e solved for one a t a t ime, 
the order i n i*ii(ih the va r iab les a r e solved for must be chosen. Before t h e two orders inves t iga ted a re 
descr ibed , t he production term i s put in to the following form: 
w. 
- i = W* - tfl c , (B-17) 
P A 
l&ere 
W° = p k^ Y„ 
Ŵ  = P k , Y„ - 2k^ p2 v„o^/M^ 
In Method I the dependent variables are solved for in the order f', 9, and c . In Method II the dependent 
variables are solved for in the order f', c., and 9. After the mass fractions c. have been determined in 
A A 
Method II, the production term in the energy equation is recalculated using the above expression where W° 
and Wi are based on the dependent variables of the previous iteration. For the nonlinear overrelaxation 
method with the equations coupled, the production term is evaluated with the newest values of the dependent 
variables employed. 
The number of iterations required for the finite-difference method with various values of the weighting 
factor and the nonlinear overrelaxation method with various values of the relaxation factor is given in 
Table B-I. Also shown is the effect of using Methods I and II on the number of iterations required for 
convergence. Convergence is defined as when the following condition is satisfied: 
< lO'*̂  at ii = 5 (B-18) 
In this relation W is the value of the dependent variable f', 6, or c at the i iteration. In order to 
give an indication of the rate of convergence of the methods of solution, the value of T/T at T) = 5 is shown 
in Figure B-1 as the iteration proceeds. The nonlinear overrelaxation method jumps around initially and this 
is more severe when the relaxation factor is large. It appears that the finite-difference procedure generally 
converges faster as one would expect. For example, for a linear ordinary differential equation, the finite-
difference procedure would give the solution directly while the nonlinear overrelaxation method would still 
require an iteration procedure. 
The complete profiles for this problem are given in Figures B-2, B-3, and B-U where the velocity, 
temperature and mass fraction of atoms are presented. Also shown is the initial estimate for the various 
profiles. In Figure B-5, the mass fraction of atoms is given for the solution with a finite-chemical reaction 
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T A B L E B-I 
I t e r a t i o n s Requ i red 
Scheme 
Weight F a c t o r o r 
Relaxat ion F a c t o r 
Number of I t e r a t i ons Requi red 
Method I Method II 
Non l inea r O v e r r e l a x a t i o n 








































Nonl inear O v e r r e l a x a t i o n 

















NC - No convergence of method 
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J—038ig«ftPOA04D 
D FINITE-DIFFERENCE ( w LO) 
O NONLINEAR OVERRELAXATION ( u • 1.5) 
(EQS. UNCOUPlfD) 





FIG, Bl - CONVERGENCE OF METHODS OF SOLUTION 
1000 
FIG. B2 - BINARY GAS SOLUTION -VELOCITY PROFILE 
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ao a i 0.2 0.3 0.4 0.5 0.6 a? as 0.9 LO 
T/T. 
FIG. 83 - BINARY GAS SOLUTION - TEMPERATURE PROFILE 






-3 10 10 
FIG. 85 - CLOSENESS OF SOLUTION TO EQUILIBRIUM 
rate. The temperature from the previously described nonequilibrium case has been employed to obtain the 
equilibrium mass fraction of atoms and is given also in this figure. The flow for this problem is still 
substantially out of chemical equilibrium. 
The nonlinear overrelaxation method is readily extended to the case of a multi-component gas mixture. 
Hie relations (B-llt) and (B-l5) remain the same except now the values of the quantities involved become 
-Vi|f = (v. 




The values of cc , oi , and a-, for the various conservation equations for this oase are given in relation (20). 
The value of cp can be reduced to the following: 
Tangential Momentum Equation 
= . 1 - ^ i + (f')2 
L M e 
(B-20a) 
HaBj-tty Bowation 
/ , . 2 Tj NI ) 






When the dependent va r i ab l e s a r e spec i f ied as the two-point boundary cond i t ions , the same procedure i s followed 
as t he binary case t o obta in t he s o l u t i o n . When t h e boundary condi t ions a t the surface involve d e r i v a t i v e s and 
can be e:cpressed as r e l a t i o n ( B - l l a ) , a s l i g h t l y d i f f e r en t r e l a t i o n must be employed a t the f i r s t point away 
from the surface (ca l l ed poin t 2 ) . The value of the de r iva t ive i n expression (B-15) a t t h i s point becomes 
3f_ •-*-^(-^H-% (B-21) 
with die use of (B-lif-) and (B-lla). The value of the dependent variable at the sarface in tha itazation process 
is determined from relation (B-lla). 
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APPENDIX C 
Locally Similar Boundary Layer Solution for Chemical Equilibrium 
An option has been included in the computer program for solving the boundary layer equations with a gas 
model which assumes local chemical equilibrium. When this option is being used, it is necessaiy to provide 
the subroutine EQUIL which will determine the composition. In the present analysis and program, it is 
assumed that the binary diffusion coefficients are the same for all species involved. The only type of mass 
transfer that can be considered is the case where the boundary layer gas is injected at the surface. These 
restrictions are required since the distribution of the elements is assumed constant across the boundary layer. 
For this case the appropriate equations that describe the flow are (17a), (l7b), (I7d), and (3) where the 
production term in the energy equation is determined from the species equation (l7c) which is written as 
a4 5̂ c (b.' - V) 3c. 
The mass fraction of species is determined frcm the equilibrium composition whieh can be expressed as 
c^ = 0^ (T, p, c^) (C-2) 
eq 




E ^ î  °i (-3) 
lAere a. = number of atoms of element j in species i. In general, the element distribution across the flow 
must be obtained from the conservation of element equations. These equations can be obtained from the species 
equation (le) by multiplying all of the terms by {a'! M'̂ /M. ) and summing over the species. The chemical 
production term will not appear in the resulting equation. For the case of no foreign gas mass transfer and 
all of -Uie binary Lewis-Semenov numbers the same, the elements of the freestream gas are constant across the 
flow. This is the assumption presently being employed. Therefore, the right side of Equation (C-l) can be 
evaluated with the relations (C-2). The dependent variables for the equilibrium problem are p, T, u, V, and 
c 's where the mass fraction of species has been eliminated with ttie equilibrium composition relations (C-2). 
For the present oase, the boundary condition (9) is not required but the mass fraction at the body surface 
is determined from 
c = c. (T p, cJ) (G-U 
b eq 
and the remaining relations (8) are the appropriate conditions. 
The governing equations are solved in the same manner as employed in the solution of the nonequilibrium 
case. The locally similar boundary layer solution can be used to obtain results far downstream on a sharp cone 
or at a stagnation point at conditions where the gas is in local chemical equilibrium. The similar solution on 
a cone for a binary gas mixture of oxygen is given in Figure IC. These results required 116 iterations with 
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the weight factor m = 0 .1 . Stagnation point boimdary layer solutions have been obtained at 100 and iSO Kft 
alt i tude conditions with the freestream velocity varying from 10 to 30 Kfps. The inviscid flow properties 
for these various flight conditions were obtained from Lomax and Inouye.^^ The accuracy of these results is 
evaluated by investigating "the predictions of the energy flux normal to the wall as compared to experimental 
results and other predictions. The present predictions of the Nusselt-Reynolds number heat transfer parameter 
i s compared to resul ts of Fay and Kemp,*'' and Pallone and Van Tassell*® in Figure 2C. The resul ts of Fay and 
Kemp are for a Lewis number of 0.6. For the present resul ts , the stagnation pressure at 100 Kft alt i tude 
varies between l.hh to 9.17 atmospheres while at 150 Kft alt i tude between 0.16 to l.li?. The present resul ts 
are in reasonable agreement with the methods in Figure 2C but other methods (Cohen, Hoshizak and Scala) are 
significantly different. 
The present prediction of the surface energy flux parameter i s compared to experimental resul ts of Nerem 
and Stiokford;^° Luikov, Sergeev and Shaskov;^^ and Skin and Marvin ^^ in Figure 30. Experimental results for 
heat transfer have a scatter of ± 20^ tj 'pically. The present prediction i s probably higher than the mean of 
the experimental data but within the scatter. Also shown in this figxire is the surface energy flux for a 
chemical nonequilibrium solution with a catalytic wall and multi-component diffusion gas model. The surface 
energy flux for this case i s sl ightly lower than the chemical equilibrium resul t . 
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BINARY MIXTURE OF OXYGEN 
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Appendix D 
COMPUTER PROGRAM DESCRIPTION 
1. Introduction 
The computer program has been written in Fortran IV and run on a CDC 660O. The program has a laxge number 
of subroutines and a short main program BLAB which controls the flow. The basic logic of the program is given 
in Figure Dl which is a flow chart of the main program. A short description of all of the subroutines is 
given in Section 2 of this Appendix and in Section 3 the order in which the subroutines are used is illustrated. 
For each COMMON the subroutines in which it is used are given in Section k, while the list of COMMON is given 
in Section 5. A list and description of many of the FORTRAN symbols employed in the program is presented in 
Section 6. The next section, 7, is a description and listing in alphabetical order of all the routines in the 
program. The list of the block data is given last. There are several subroutines which are standard mathema-
tical type and these are: 
DERTV and KUTTAM - Runge-Kutta integration 
GAUSS3 - Matrix inversion 
FOLATE and DPOLATE - interpolation for function and derivative 
SIMINT - Simpson's integration 
The subroutines CHEMPR, EQUTL and QPR are not general and need to be checked to be sure they are appropriate 
for the problem being solved. If species are added to the program and their name is required in CHEMPR or QPR, 
the present list in ERECAL (line 128) of 0, N, 0 , N , NO, NO"^, e", C, CO, COp, M, M-, M_ and M. needs to be 
extended. Also additional block data needs to be supplied. 
The program has a storage requirement of 175 K octile in the present form. If the number of species, 
number of reactions or number of points across the layer is changed from the present maximum values, then the 
storage requirements will change. In Section 8, an outline is given to indicate which modifications are nec-
essary if the dimensions of certain parameters are made different. 
2, Routines Used 
A list of the subroutines in the program is given below along with a brief description* A more cciis>lete 
discussion of the routine is given in Section D-7 and on the page shown. 
BLAB - controls program flow (see flow chart). 
BLC - computes boundary-layer functions, heat transfer, skin 
thickness, displacement thickness, etc. Controls print 
of profiles and punch of initial profiles. 
BODIM - computes ' , \ , and edge conditions for each body profile. 
BSETUP - initializes for body-profile calculation. 
CALCV - computes V, transformed normal velocity. 
CALDNS - computes r] and some combinations of Ail's. 
CALEBB - computes e, 
CCl - function subprogram to interpolate for enthalpy. 
CC2 - function subprogram to interpolate for specific heat. 
* 0 1 — 





READ ALL INPUT DATA 
INITIALIZE 
COMPUTE BEGINNING CHEMICAL PRODUCTION TERMS 
COMPUTE THERMODYNAMIC AND TRANSPORT PROPERTIES AT EDGE 
SOLVE CONTINUITY EQUATION FOR V AND SET-UP WALL BOUNDARY 
CONDITIONS 
IBS = 1, INITIAL PROFILE CALC. 
Ŝ  
COMPUTE THERMODYNAMIC AND TRANSPORT PROPERTIES ACROSS 
THE BOUNDARY WYER 
IF SHOCK LAYER, OBTAIN CONDITIONS BEHIND SHOCK FROM 
MODIFIED RANKINE-HUGONIOT RELATIONS 
SOLVE MOMENTUM, CONTINUITY, SPECIES AND ENERGY EQUATIONS 
FOR f , V. C 's AND B RESPECTIVELY 
COMPUTE CHEMICAL PRODUCTION TERMS 
COMPUTE BOUNDARY LAYER CHARACTERISTICS AND CHECK TO 
SEE IF THE INITIAL PROI 
PRINT IF TIME FOR PRINT 
FILES ( f , C., AND S ) ARE CONVERGED 
T 
i NO / " ARE PROFILES CONVERGED N 
^ \ ^ OR MAX. ITERATIONS DONE? J 
IS THIS A SHOCK ^ 
LAYER PROBLEM? J 
YES 
NO 
INITIALIZE TO SOLVE BOUNDARY LAYER EQUATIONS ALONG THE BODY. 
IBS • 2, BODY PROFILE CALC. 
4. = 
COMPUTE EDGE CONDITIONS AND QUANTITIES WHICH ARE A 
FUNCTION OF DISTANCE ALONG BODY. 
YES 
-(^ ALL PROFILES DONE? ^ 
4-NO 
COMPUTE WALL BOUNDARY CONDITIONS 
SOLVE MOMENTUM, CONTINUITY, SPECIES AND ENERGY EQUATIONS 
COMPUTE CHEMICAL PRODUCTION TERMS 
COMPUTE TRANSPORT AND THERMODYNAMIC PROPERTIES 
COMPUTE BOUNDARY LAYER CHARACTERISTICS 
PRINT IF IT IS TIME TO PRINT 
FIG. Dl - PROGRAM FLOW CHART 
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DPOLATE - second entry to FOLATE: computes slope of interpolated Value. 
DERIV - computes derivatives for KUTTAM. 
DERVDN - computes 1st or 2nd derivative with respect to r\. 
ENEREQ - solves energy equation for 9 values. 
EQUIL - computes c's and p for equilibrium. Will only handle air 
with six species. 
EQU2 - computes/c. \pyrolysis. 
GAUSS3 - matrix inversion subroutine. 
HUGNOT - computes values of T , p , p , and u for shock-layer solution. 
e e e' e 
INPUT - reads and prints part of input data. 
INPBOD - reads and prints the rest of the input data. 
KUTTAM - Runga-Kutta integration subroutine 
MCDIFF - computes ^b. and Lewis numbers for multiple-con^ionent 
diffusion option. 
MOMEQ - computes f' from momentum equation. 
PCH - punches initial profiles and other data, if reqjiested. 
FOLATE - Lagrangian interpolation subroutine. 
PRECAL - computes one-time values and initializes. 
PRTBL - prints all output for initial profile. 
FRTEDG - prints edge tables. 
PRTPRO - prints f , 9, c. for all points across boundary. 
ER2DSW - prints table of stoichiometric coefficients 
PRTX - prints values of X 
OPR - computes Q., F̂ ^ and (pv) for wall conditions. 
SETOT - sets switch values from input options 
SIMINT - Simpson integration subroutine 
SPEND - computes boundary values for species equation. 
SPECEQ - computes c. from species equations, 
STOI - computes forward and backward stoichiometric values, 
THERMO - computes thermal properties 
WKHS - solves difference equations for f , 9, andc.'s. 
BLOCK DATA - contains tables of enthalpy vs. temperature and tables of specific heat vs. temperature at 50 
temperature values, and for twenty different species. 
This subroutine is not completely general. If problems other than the type discussed in Chapter VIII are heing 
solved, this subroutine must be checked for consistency with the problem. 
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HOROLDG - This subroutine is not included with the deck. It is a 6500 system subroutine so will have to 
be replaced, or the calls (in BLC and INPUT) removed, i.e., CALL HOROLOG (A, J, K) where A = 
time remaining for oob (floating point, milliseconds), J = time of day, K = current date, where 
J and K are FORMAT AlO. 
3. Program Flow 




















































































k. Use of COMMON 
In the following a listing of COMMON is given and in which routines they are employed. This infcaSWtion Is 
useful to determine where FORTRAN variables are used in the program. 
COMMON USED IN 
CHEMPR, ENEREQ, PRECAL, SPECEQ, THERMO (blank) 
1 BLAB, BLC, BODIM, BSETUP, CALCV, CALDNS, CALEBB, CHEMPR, DERVDN, ENEREQ, HUGNOT, 
INPBOD, INPUT, MCDIFF, MOMEQ, PCH, PRECAL, PRTBL, PRTEDG, PRTPRO, PR2DSW, PRTX, 
QPR, SIMINT, SPEND, SPECEQ, STOI, THERMO, WKHS 
BLAB, BLC, BODIM, CHEMPR, MOMEQ, PRTBL, THERMO 
201+ 
3 BLAB, BLC, BODIM, CHEMPR, ENEREQ, INPUT, PEffiCAL, PRTBL, SETOT, SPECEQ, THE35MO 
k BLAB, BLC, CALCV, CHEMPR, ENEREQ, MOMEQ, PRTBL, SPEND, SPECEQ, THERMO, WKHS 
5 BLC, BODIM, BSETUP, CALCV, CALEBB, CHEMH?, ENEREQ, EQUIL, HUGNOT, INPUT, MCDIFF, MMffiQ, 
PCH, PRECAL, PRTPRO, QPR, SPBND, SPECEQ, THERMO 
6 BSETUP, CALCV, ENEREQ, MOMEQ, SPECEQ 
7 BLAB, EQUIL, INPBOD, PCH, PRECAL, PRTBL, SETOT 
8 BLC, BODIM, BSETUP, CALCV, CHEMPR, ENEREQ, EQUIL, HUGNOT, INPUT, MCDIFF, MC»fflQ, HffiCAL, 
PRTBL, QPR, SPECEQ, THERMO 
9 BLC, BODIM, CALCV, PRECAL, SETOT, SPBND 
10 BLC, BODIM, DERIV, HUGNOT, INPBOD, INPUT, PCH, PRECAL, THERMO 
1 1 BLC, BODIM, BSETUP, CALCV, CALDNS, DERVDN, HUGNOT, PRECAL, SIMINT, SFBSD, WKHS 
12 BLC, BODIM, CALCV, CHEMPR, HUGNOT, PRECAL, SPECEQ, THERMO 
13 BLC, BODIM, CHEMPR, ENEREQ, HUGNOT, INPUT, PCH, PRECAL, QPR, SPECEQ, THBBMO 
lU BLC, BODIM, FOLATE, PRECAL, QPR 
15 BLC, BODIM, BSETUP, SPEND 
16 BLC, BSETUP 
17 BLC, BODIM, BSETUP, CHEMPR, PRECAL 
18 BLC, BODIM, CALCV 
19 BLC, INPUT, PCH 
20 BLC, BODIM, CALCV, HUGNOT, INPBOD, INPUT, PCH, PRECAL, QPR, THEBMD 
2 1 BLC, CHEMPR, PRTBL, PRECAL 
22 BLC, PRECAL 
23 BLC, HUGNOT, SPBND, THERMO 
2k BLC, CALCV, CALDNS, DERVDN, INPUT, PCH, PRECAL, SIMINT 
25 BLC, CALCV, PRECAL, PRTBL, QPR, SPBND 
26 BLC, INPUT, MCDIFF, PRECAL, SPBND, THERMO, QPR 
27 BLC, BODIM, ENEREQ, HUGNOT, PRECAL, PRTBL, THERMD 
2 8 BODIM, BSETUP, CALEBB, ENEREQ, MOMEQ, PRECAL, SPECEQ, WKHS 
29 BODIM, HUGNOT, PRECAL, SPBND, SPECEQ 
30 BODIM, INPBOD, PRECAL, PRTEDG 
31 BLC, BODIM, INPBOD, PRECAL, QPR 
32 BODIM, ENEREQ, PRECAL, QPR, SPECEQ 
33 BODIM, INPBOD 
3̂ + BODIM, BSETUP, INPBOD, PCH 
35 BODIM, ENEREQ 
36 BODIM, CALCV, PRECAL, WKHS 
37 BODIM, CHEMPR, INPBOD, PCH, PRECAL, PRTBL, THERMO 
38 BODIM, CALEBB, ENEREQ, MOMEQ, PRECAL, PRTBL 
39 BODIM, BSETUP, ENEREQ, INPUT, MOMEQ, PCH, PRECAL, SPECEQ 
UO BLAB, CALCV, ENEREQ, HUGNOT, MOMEQ, PRECAL, PRTBL, SETOT, SPECEQ, THERMO 
Ul CALCV, CALDNS, PRECAL, PRTBL, PRTPRO, PRTX, WKHS 
k2 CALDNS, WKHS 
k3 BLC, CALDNS, DERVDN 
kk BLC, CALDNS, DERVDN, SIMINT, SPBND 
1+5 CALDNS, SPBND 
U6 CALEBB, HUGNOT, PRECAL, THERMO 
1+7 CHEMPR, PRECAL 
1+8 CHEMPR, EQUIL , HUGNOT, I N P U T , HCECAL 
1+9 CHEMPR, INPUT, PRECAL, QPR 
50 CHEMPR, INPUT, PCH, HiTBL 
51 CHEMPR, STOI 
53 CHEMPR, INPUT, MCDIFF 
55 ENEREQ, INPUT, MOMEQ, PCH, SPECEQ 
56 ENEREQ, THERMO 
57 ENEREQ, MOMEQ, SPECEQ, WKHS 
58 ENEREQ, MOMEQ, SPEND, WKHS 
59 ENEREQ, INPUT, MOMEQ, PCH, SPECEQ 
60 CHEMPR, EQU2, PRECAL, SPBND, SPECEQ, QPR 
6 1 INPUT, PCH 
62 IWHn, SETOT 
63 INPUT, PCH, PRECAL, PRTBL, PRTEDG, PRTPRO, ra2DSW 
61+ INPUT, THERMO 
65 HUGNOT, INPUT, PCH, PRECAL, SETOT 
66 INPUT, PCH, QPR, SPBND, SPECEQ, WKHS 
67 CHEMPR, PRECAL, QPR 
68 MCDIFF, THERMO 
69 HUGNOT, PRECAL, THERMO 
70 QPR, SPBND 
71 SPECEQ, THERMO 
72 MOMEQ, THERMO 
73 CALCV, THERMO 
7I+ BODIM, CHEMPR 
75 HUGNOT, THERMO 
76 BLC, HUGNOT 
77 HUGNOT, raECAL 
78 CALEBB, mJGNOT 
79 PRECAL, QPR 
80 CCl , CC2, INPUT, PBECAL 
82 INPUT, MCDIFF 
83 BODIM, CALCV 
81+ BODIM, BSETUP 
85 CHEMPR, PRTX 
86 BLC, BODIM 
89 BODIM, INPBOD, INPUT, SETOT 
90 BODIM, INPBOD, INPUT, SETOT 
AA BLKDATA, C C l , C C 2 , INPUT, PRECAL 
BB BLKDATA, INPUT 
5. List of COMMON 
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COMMON / 2 5 / __RVB 
COMMON / 2 6 / DBB(30.30l • FLEJOO) . INOP 
'~T 





COMMON / 3 1 / 
ENTAPYTSOilnl 
BETA . CTH 
CFDG(30) 
" C M T l o T f o r , PA (110) 
NED , T A ( l l O ) 
NIP , SPRT 
RVPTtSOj , TETE(5'^) 























































. XDELT(20) • XMAX 
TXIE 
» WFA<32> 
. DNH(5n) . TDNOM(50) • TDNOD(50) 
. nFN3(5n) , nNTR?(50) 
« DNTR1(50) » DNTR3(50) » DPDN(50) 
, RRDN 
, EDBLT2 . EP2 
DIFA(3n»30), GAMMTN(30»40)»GAMPLS(30»*0) 






_CALPH(30»40)»CBETA(30.40)»CSALPH(30) • CSBETA(30)• 10 
IPRT 
GAMMA(40) , RHORAR 











, CCAR(50) t CBARPR«50) . CCC1(50»30). 
ALPHKSO) , ALPH4(50) t ISPC 
ALPH2(50) I CHECK . MFLAG 
ALPH3(50) 

















. UP7N16) . K 
. IM3 . IN 
t IM4 • INO 
CCMMON /«0/ 1W2 
COMMON /61/ TITLE(9) 
COMMON /62/ TOT(3»6) 
COMMON /63/ SPN(40) 
COMMON /64/ AMU I 30) 
COMMON Ibh/ Ck 
COMMON /66/ EIO 
COMMON /67/ ICO 
1 ICl 
COMMON /68/ CON . N, . SHB • IK 
COMMON /'69/ CoNIHOUtSO) .(-MULWK130 ) . Tivl[HAl30»30) ttHSi . TG4 
COMMON /70/ P(30) , Q(30) 
COMMON /71/ BB(5U.30) t BBPRt6U»30)» BLBAPRI50t30) 
COMMON /72/ FLPR(50) 
COMMON /73/ VS 
COMMON /?*/ PEl 
COMMON /75/ FTER(30) 
COMMON /76/ DUM(50) 
COMMON /77/ FMBARI • . SS . 
COMMON /78/ DEB 
COMMON /79/ RSOMWTO'O) 
COMMON /80/ JE(30) 
COMMON /81/ ETEH 
COMMON /82/ NIM 
COMMON /83/ XITRM . XITRP 
COMMON /84/ DXeST(2U) • IXSW . TRM 
COMMON /86/ X(50t30) 
COMMON /86/ RHOVE(lOO) . RSQPUOO) t XIPAdOO). ,. XORN(IOO) • 
1 YFA(IOO) 
COMMON /89/ IRB » XRB<50) 
COMMON /90/ IG 
COMMON /AA/ CCP(50t30) . hNTHA ( bO .30) .TfcMP(i)O) » IX 
COMMON /SB/ NMAMEOO) 
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6. FORTRAN Symbols 
This l i s t gives the FORTRAN symbols t h a t appear i n the COMMON'S and i n which COMMON they occur. Also 


























Coefficient for "W" calculation. 
See Eq. (25) 
Convergence criterion for energy eq. 
a's for partial differential equation 
being solved. See eq. (20) 
Coefficient for binary diffusion curve 
fit (eq. 86) 
Convergence criterion for momentum eq. 
Coefficient for species viscosity 
curve fit (eq. 83) 
cone half angle or hyperboloid 
asymptotic half angle 

































Coefficient for "W" c a l c u l a t i o n . 




pressure gradient parameter 
diffusion term I 
n , i 
b ' . 
(eq. 17) 
d i f fus ion term ) 
used in energy equation (eq. 17) 
Coefficient for binary diffusion curve B 
fit (eq. 86) 




fit (eq. 83) 
Coefficient for "W" calculation. 
See eq. (25) 
forward rate coefficients (eq. 
species mass fraction at edge of 
boundary layer 






























CL ( 5 0 , 3 0 ) 
CLIL ( 5 0 , 3 0 ) 
CMD (1+35) 
CMU ( 3 0 ) 
CON 
CONPHS 
CONTH ( 3 0 , 3 0 ) 
CPEAR (50) 
CSALPH (30) 
CSBETA ( 3 0 ) 















DO ( 3 0 ) 
Dl ( 3 0 ) 
D2 (30) 








terms in energy equation (eq. 17) 
bacjiward stoichiometric coefficients 
enthalpy parameter (eq. 8la) 
table of specific heats 
mass fraction of species at edge 
local skin friction (eq. 95a) 
used to test convergence of initial 
profile 
mass fraction of species in the free-
stream 
factor for computing ^r\ 
mass fraction of species, previous step 
mass fraction of species to be calcu-
lated 
Coefficient for binary diffusion 
curve fit. (eq. 86) 
Coefficient for species viscosity 
curve fit (eq. 83) 
c P/K term for MCDIFF 
P ' 
Constant for BODIM 
Molecular weight term computed for 
THERMO 
Specific heat of mixture 
Summation of forward stoichiometric 
coefficients, (eq. 5) 
Summation of backward stoichiometric 
coefficients, (eq. 5) 
Value of (c.) at point where 
convergence is checked. 
Parameter which determines finite-
difference scheme being used. 
Coefficient for "W" calculation 
See eq. (25) 
)backward rate coefficients (eq. 88b) 
diffusion term (eq. 2) 
D term calculated in HUGNOT for CALEBS 
(eq. 21) 












































































Step-size in transformed coordinate A? 
4x being currently used Ax 
Array of Ax's to be used. 
^ + 1 




I Combinations of ATI used several places. 
Backward stoichiometric coefficients 
minus the forward stoichiometric 
coefficients, (eq. 7) 
displacement thickness (eq. 99a) 
used in energy equation (eq. 17) 
^ \ - ^\-l 
step size across the boundary layer 
Combinations of iri's used in several 
places 
Total drag coefficient 
f^ 
I for drag (pressure) 
•'o 
Pressure part of drag (eq. 97) 
^x 
/ for drag (shearing stress) 
•'o 
Shearing stress part of drag 
j Last contribution to drag Integrals. 
du 
velocity gradient at edge of boundary -=— 
layer 
Array for temporary storage 
estimated Ax 
temperature gradient parameter (eq. 17) e 
pressure and velocity gradient parameter i 
(eq. 17) 
(l-e)/[l^(l - i ) f (from eq. 21) 




























FL ( 5 0 ) 
FLAPL 
FLEJ ( 3 0 ) 
FLPR (50) 
FMBAR ( 5 0 ) 
FMBARE 
FMBAR I 
FMDOT ( 30) 
FMOTH 























electron density across boundary 
layer (eq. lOU) 
See equations (5!*) and (56) 
Table of enthalpy of species (eq. 81) 
enthalpy (eq. 8la) 
term for CALEBB and HUGNOT 
density ratio across shock 
transformed normal coordinate 
Ne 
mixture viscosity (eq. 82a) 
super script i (floating point) 
density viscosity product 
Multicomponent Lewis-Semenov 
numbers (eq. 81+) 
molecular weight of mixture 
molecular weight of mixture at edge 
molecular weight of mixture in free-
stream. 
mass flow rate of species (eq. 101b) 
momentum thickness (eq. 100b) 
M./R term for THERMO 
molecular weight of species 
viscosity at body 
velocity at previous step 
velocity across the boundary layer 
f' at check point, used for Initial 
profile convergence. 
L.. term for HUGNOT 
" 1 . 
1 
m+1 














































total enthalpy at each point across 
the boundary layer (eq. I07) 
heats of formation 
enthalpy at infinity 
hollerith names of species in enthalpy 
and specific heat tables given in order 
that species are stored in the tables. 
total enthalpy in freestream 
heat t r a n s f e r , body (eq. 91b) 








e' * X 
1, boundary layer 
2, shock layer 
1, initial profile being calculated 
2, body profile being calculated 
Subscript for species CI 
Switch for FOLATE 
Subscript for species CO 
Subscript for species C02 
1, iterate initial profile until convergedj 
Switch then do body profiles. 
2, calculate initial profile once_, then 





17 counter for number of tines th*t AX has changed. 
II+ signal for FOLATE. 
67 Subscript for electron 
II, non frozen flow 
2, frozen flow 
IG 90 switch 
1, eone 
2, sharp arbitrary axisymmetric body 
3, sphere-cone 
k. blunt arbitrary axisymmetric body 
5, hyperboloid 
6, flat plate 
7, sharp arbitrary 2-D body 
8, blunt wedge 














































-1, sharp bodies 
0, blunt bodies 
1, compute Lewis numbers 
2, use constant Lewis numbers 
Subscript for Ml 
Subscript for M2 
Subscript for M3 
Subscript for Ml+ 
Subscript for species N 
Subscript for species N-
Subscript for species NO 
Subscript for species NO 
Subscript for species 0 
Subscript for species 0 
Counter for print control, initial profile 
Counter for print control, body profiles. 
0, don't punch initial profiles 
1, punch initial profiles. 




1, a r b i t r a r y body option 
0, Compute values for initial profile. 
1, Use input values for first estimate of 
initial profiles. 
i l, not solving species equation 
2, solving species equation. 
Wall option switch (see input write-up). 
length of enthalpy and specific heat vs. temperature 
tables. = 50. 




0, two dimensional body 
1, axisymmetric body 
Array of subscripts for locating desired species 




55 Number of times to iterate energy equation if 
KOPT = 1 and IBS = 1. 
55 Number of times to iterate momentum equation if 
KOPT = 1 and IBS = 1. 












1, iterate an integer number of times, i.e. 
2, iterate until converged, i.e. AMOM. 
Number of times to iterate species equations 
if KOPT = 1 and IBS =• 1. 
Counter for number of steps along the body. 
Counter for number of iterations done in any 
one subroutine. 





















































Point being calculated (for MCDIFF) 
Number of x and Ax values to read, s 20 




Number of chemical species, s 30. 
NI-I for MCDIFF 
Number of r eac tan t s plus e l ec t rons plus c a t a l y s t s . S kO. 
NI+2, number of weight f a c t o r s . 
NMAX-1 
NMAX-2 
Number of points across the boundary layer M 
number of reactions. s 30. 
logical number of output file. 
Number of entries in XRN, TWT, RVPT and TETE 
(input) tables. s 50. 
One minus weight factor for each equation. 
One minus weight factor for equation being 
solved. 
Array of options. 
Coefficient for wall conditions (eq. k3) P 
1 - UD. 
Table of pressure at edge 
mass flow rate of species (particles/ 
sec) (eq. 102) 
Pressure at edge 
Pressure at edge 
Pressure in freestrfSiB 
Constant 




















Coefficient for wall conditions (eq.1+3) Q 
energy flux at the surface (conduction) q 
energy flux at the surface (convection) q̂  
energy flux at the s\irface (diffusion) q 
t o t a l energy flux at surface(eq. 106) q 
(BTU/ft2/sec) 
to t a l energy flux at surface (eq. 106) q 
(ft-lb/ft^-sec) 


















































radius of body 
radius of body 
constant for SPBND 
shock Reynolds number 
mass flux density at edge 
density across the boundary layer 
(lb.sec /ft 1*) 
density in (gm/cm ) 
density at edge 
density in freestream 
mass flux density at edge 
m+1 
nose radius 
constant for BODIM 
constant for SPBND 
shock radius 
I radial distance to shock vhere 
! streamline crosses and is being 
1 swallowed 
mass flux density at body 
dx 
previous value of integral for RVBINT 
table of (pv) vs. x/R., 
PYROLYSIS « 
sin of cone angle 
Re 
Pe% 
p v„/2 term for BLC 
00 CO' 












































































sin of body angle sin 6.̂  
b 
skin friction (eq. 96) c. / ^ i " 
e 
coordinate parameter (eq. 17) e 
edge pressure in atmospheres 
term of P calculated for WKHS(eq. 26) 
species names (hollerith) 
dis tance along bodv in terms of R^ 
constant for BLC 
constant for BLC 
shock shape parameter (eq. 21) s 
Stanton number gt 
<^^\ 
t a b l e of temperature a t edge. 
combination of All's for WKHS 
combination of Mi's for WKHS 
temperature at edge R 
temperature at edge 
table of temperature for enthalpy 
and specific heat tables. 
table of T) vs r/RN 
temperature at previous step 
temperature being solved for 9 
temperature at check point, previous 
iteration. 
o 
temperature in freestream R 
Problem title (to be printed) 
temperature K 
constant for BLC 
temperature at edge K 
o 
temperature in freestream K 
temperature at the wall K 
tlme(sec.) left for computer run. 
molecular weight term for THERMO (eq. 82) 
convergence criterion for initial profiles. 







































used to save VONE from previous step. 
constant for HUGNOT and THERMO 
temperature at the wall R 
table of wall temperatures vs X/RH. 
;term for CALCV and WKHS 
F , term for SPEND 
m+1 
tangential velocity at edge of boundary . 
layer 
u /T term for E'lERGY 
e ' e 
transformed normal velocity 
table of velocity at edge 
freestream velocity (ft/sec) 
term of V at wall for CALCV 












production term parameter (eq, 19ii) 
weight factors for f', 9 and c. 
weight factor to be used in WKHS for 
current equation. 
production term parameter ("eq. 19d) 
derivative of production term feq. 20) 
production term parameter feq. 19d) 
V. 
9 
59' ^ ) 












distance along the body 
table of X / R ^ for edge tables 






















terms for CALCV computed in BODIM 
distance along the body at which the 
problem is to be terminated 
distance along surface x 
t a b l e of TI^/RN for body shape r, 
t a b l e of X/RN for TWT, TETE, EVPT tab les 
b/^ 
distance normal to surface divided by y/^r 
Rj, (eq. 98) ^ 
edge value of above y /R^ 
third body efficiencies relative to argon. 
(eq. 6) 
7. Description of Routines 
BLAB 
BLAB i s the main program and con t ro l s the flow, c a l l i n g subrout ines as needed. If ca l cu la t ion of body 
p r o f i l e s only i s reques ted , the i n i t i a l p r o f i l e (x = 0.) i s ca l cu la t ed once before the s teps along the body 
are c a l cu l a t ed . I f a shock l ayer i s being computed no s teps along the body a re attempted. When the so lu t ion 
i s terminated, a n3w problem i s r ead . 
Program Var iables : 
lALL - Signal from BODIM. When lALL = 2 , a l l of t he requested body p r o f i l e s have been iaae. 
ICSW - Signal from BLC. When ICSW = 2 , i t e r a t i o n of the i n i t i a l p r o f i l e i s stopped. 
PROGRAM BLAB ( INPUT.OuTPuT» PUNCH,TAPF60=INPUT1TAPFfclaOuTPUT» 
1 TAPE62=PUMCH) 
















COMMON /40/ IRPDYO 
10 CONTINUE 




CALL THFRMO (-1) 
CALL OPR 
CALL CALCV 
MFLAGO * 0 
2<W COMTIMUF 
MFLAGO a MFLAGO + 1 









































































CALL RLC ( ICSW \ 
Go-ia tJU)o»4afli » icoKPo _ 
•?«'> CONTINUE 
IF ( ICSW ,NEt 2 ) GO TO 200 
'tOn CONTINUF 
IF (IBROYO .hF. 2) GO TO 40* 
WRITF ( N T 0 | 4 0 1 ) 
4 0 1 FORMAT(•0»50X»END OF THIS PROBLEM*) 
GH TO 10 
4 0 4 CONTINUE 
CALL THERMO ( 1 ) 
CALL BSETUP 
MFLAGO • 1 • 
IBS - 2 
M « 0 
l A L L « 1 
41^^ CONTINUE 
M « M + 1 
CALL B0I5IM ( l A U L ) 






CALL THERMO ( - 1 » 
CALL THFRMO ( 1 ) 


























































Subroutine BLC computes the bovmdary layer c h a r a c t e r i s t i c s and cont ro ls much of t he output p r i n t i n g . The 
t e s t for convergence of the i n i t i a l p r o f i l e s i s done here and i f the p ro f i l e s are to be punched, PCH i s c a l l e d , 
BLC has one argument which i s computed in BLC and i s used in the main program (BLAB). 
ICSW 
1, initial profiles not converged 
2, InltlaJ. profiles converged, time about gone, or 
maximum profiles have been calculated. 
The boundary layer characteristics listed below are printed. The equations are In Chapter VI and refer-
enced here by numbers in parentheses. 
EDENS, electron density auiross the boundary layer, (104) 
HXTFER, heat trajisfer at the edge of the boundary layer or shock layer. (90a) 
HXTFEB, heat transfer at the body. (90b) 
ST, Stanton nuaiber (9L) 
SKPER, skin friction. (96a) 
DISPTK, displeioement thickness. (99a) 
FMOTH, momentum thickness. (99b) (ft.) 
RMPLtlX, mass flux density of each species at the surface. (105) 
QfTOTAL, total energy flux at the surface. 
OCOND, energy flux at the surface due to conduction. (I06a) 
QDIFF, energy flux at the surface due to diffusion. (106b) 
QCONV, energy flux at the surface due to convection. (I06c) 
221 
For profiles along the body, the following quantities are also computed: 
CFINF c (96b) 
DRAGT2 drag from shearing stress. 
DRAGP2 drag due to pressure. >(97) 
DRAG2 total drag. 
ESUM shock radius for streamline being swallowed (6Z) 
FMDOT, mass flow rate of specieg "1". (101b) 
Program variables are: 
ABX 
BIKBB 
term for drag " ^ ' * - k j = il 
l l /Xl , f l a t p l a t e 









1.0 3 = 0 
1.0 + YF(i)-CAMDOT-T-RN, 0 = 1 
y^^., 
?rr ^ 2 ? a» J 
C0NIN2 v ^ 









Ax, previous s tep 
^ , current step 
contribution to drag (pressure) integral at this step. 
contribution to drag (shearing stress) integral at this step. 
dr sh 
dx 
t e m p o r a r y s t o r a g e f o r v a l u e s t o b e i n t e g r a t e d 
t e m p o r a r y s t o r a g e f o r v a l u e s t o b e I n t e g r a t e d . 
AX m - l 
Ax ('\x + Ax ) 
m m - l m 
DXT2 
m m - i 
Ax Ax 
m m - l 
D3Cr3 
ax_ 
AX (Ax + Ax ) 




HS temporary storage, for sum in total enthalpy. 
ICHKPT number of point (across the boundary layer) where convergence is 





1, profiles converged, print, 
2, titaie about gone, print. 
3, maximum iterations have been done, print. 
k, check whether it is time to print, 
M at previous step 
5^,-TE. ^ (from eq. 91a) 
r , previous step 
1 , J = 0 









term in RMFLUX 
\ A /m-l 
\ sh 'm 
.1+J contribution to r .'' integral at this step 









X/R^, previous step 
0,0 > sharp body 
du 1 
[{(U)^--^V, blunt body 





^ d£ ^ 
, sharp body 
/(Pg'80812) b lunt body 
SQPTRE [HP.]' , square root of Reynolds nunber. 
223 
TEM 
T , initial profile 
'̂''e'm+l ' ̂ ° * profiles 
TERM part of YF(N) which is constant for one profile. 
TJ part of RMFLUX(l) which is constant for one profile, 
TW (2) ' ' 








































































































































































































































































COMMON /2&/ jJBfl-iso.aoi . rtfcxisoi > mop 
COMMON /27/ CPBAR(50) , FFMU • WfS . 
ENTAPY(50.30) 
COMMON /31/ NTP , SPRT . TWT(50) . 
RVPT(50) . TETE(50) 
COMMON /43/ DEN1{50) . DFN3(50) . ONTR2(S0) 
COMMON /44/ DN06(50) , DNTRKSO) . DNTR3(50) . 
COMMON /75/ DUM(50) 
COMMON /86/ RHOVE(IOO) . RSQP(IOO) . XIPA(IOO) , 
YFA(IOO) 
DATA (IP . 6?) , (ICHKPT = 10) 
DIMENSION CBDER(30) , DUMMy(50) 
DO 70 N«1,NMAX 
HS = 0.0 
DO 10 I»1,NI 
HS . HS + CLIL(NiI) * ENTAPY(N.I) 
CONTINUE 
HE(N) • HS + ,5 • (FPRIME(N) • VE1>»»2 
CONTINUE 
ICHSSW • -1 
A3 - -(DN(2) + 2,»ON(l) ) / PFNK?) 
B3 » 0P0N{2) / OEN2(2) 
C3 " - DNTR1(2) 
DO 30 I«1,NI 






D ) / ETE 
HXTFER • (A3»THETA(1) + B3»THETA(2) + C3«THETA(3)) / ETE 
SKFFR • (A3»FPRIME(1) + B3»FPR1ME(2) + C3*FPRIME(3)) / FTE 
GO TO (40.60) . IPS 
CONTINUE 
TFM = TF 
IF (IGEOM .GE. 0) GO TO 50 
YFACT = 0,n 
S0RT3 « 0.0 
S0RT4 • 0,0 
TJ = 0.0 
GO TO 82 
CONTINUE 
YFACT • SQRT(RMUREF/((l.+FJ) • DUEDX)) 
S0RT3 = SORT(RMUREF • DUEDX) 
S0RT4 • SQRT(RMUPEF / DUEDX) / (RHOF » SQRT2) 
GO TO 80 
CONTINUF 
TEM * TEl 
SORTl • S0RT(2.*FLAPL»X1/ Xll) 
S0RT2 « .5 » SOPTl 
RHVF r RHOE » VFl 
RFS » RHVE • XI / FFMU 
SORTRF « SORT(RES) 
S0RT3 • RHVE / SORTRE 
YFACT « SQRT(2i • XII) / VFl 
IF (JBOD .LE. 0) GO TO 70 
YFACT » YFACT / RBI 
CONTINUE 
S0RT4 • YFACT / RHOE 
CONTINUE 
TJ - -(FL(1) • RMURFF) / (PR(1) • YFACT) 
CONTINUE 
TK? • SORT? / (HO - HE(1)) 
OT • CPBAR(l) • TEM » HXTFER 
ODIFF « 0,0 
SI » 0.0 
DO 1?0 Jl-l.NI 
S2 • 0.0 
DO 110 J2«ltNI 
IF (Jl .NE. J2) GO TO 90 
BIKBB - FLFJ(J1» 














































































































































BIKBB » D P B ( J 1 » J 7 ) 
i n n cnMTIN i iF 
^? = S7 + PItcPP • CPDFP(J2) 
n n CONTINUF 
RM = TJ » S2 
ODIFF = ODIFF + RM • F M T A e Y ( l , J H 
S I « S I + S2 • E N T A P Y ( l . J l ) 
RMFLUX(J l ) = RM + RVB • C l I L d t J l ) 
120 CONTINUF 
TF (IRS ,NF. 1) GO TO 130 
IF (IGFOM ,LT. 0) GO TO 140 
1 -Jn COMT TMI IF 
OCOND = TJ » ̂ T 
GO TO }^r^ 
14-> '"OMTINUF 
Oro^D = 1 ,nF7r^n 
l = n roN'TlNUF 
OCONV a PVB » (HF(1) + .5 » (PVR/RHO(1))*•?) 
OTOTAL = OCONV + OCOND + ODIFF 
OTFTLB = 1.28'^0PF-3 • nr^TAL 
HXTFFR = FL(1) » T<? * (OT + SI) 
HXTFFB = HXTFFP « "^-^PT ( n̂ .LIOFF/( PHO ( 1 ) »F"UP ) ) 
HXTFFR = "XTFFR » Dp(MMAy) / DD(i) 
«;T = MXTpFR * ';nRT^ / (PP(MM^X) * TKl) 
•:<FFP = SKFE" » FL { 1 ) * "̂ OPTl 
r\n ifto M = l,MMAX 
DtiMMY(N) = (FMBARF * THFTA(M) / F M P A P ( N ) ) - FPRIME(N) 
\f,n roMTT^'UF 
CALL SIMINT (nUMMY, ^1, AAA, 1) 
DISPTK = S0PT4 * SI / PN 
00 170 K! = lfMMiX 
OUMMY(N) = FPPIMF(M) » (1,0 - FPRIMF(N)) 
170 roMTINUF 
CALL SIMINT (OUMMY. Si, AAA, 1) 
FMnjH = S'̂ PT4 * ?1 
TCDM = YFACT / "M 
YF(]) = o,n 
on 17? M=l,MMAX 
rniMMY(M) = TERM / DHO(M) 
17-5 r'̂ MTT'ii'F 
CALL SIMI^1T (OUMMY, AAA, YF. 2) 
CALL HOROLOG (TLFFT.DUl, DU?) 
GO TO (180.240) , IBS 
I P O C^MTTMIIF 
FPrv = FPDTMF(ICHKPT) 
THi'î  = TUFTA ( TCHKOT) — 
IF (APS(FPr< - FPSAVF) ,r,T, TOL»FPCK) GO TO 700 
TF (APSITMCK - TMt^AvF) .r,T, TOL*THCK) GO TO 700 
DO IPO 1=1.NI 
CLCK = ''LTL( ICHKPT.T) 
IF (AB<:(CLCK - C<^AVF(I)) .GTi TOL»CLCK) GO TO 700 
lOA rOWTTMtlF 
IPSW = 1 
GO TO ?30 
'On CONTINUF 
IC^W = 1 
TF (TLFFT ,GF, 10.) SO TO 210 
TP<;M = 5 
(̂n T'̂  ?'5n 
?1A cnMTINIIF 
FPSAV^ » FPCK 
T H S A V F = -ryACK 
DO ??0 1 = 1,NI 
CSAVF(T) = CLIL( ICHKPT.I ) 
??A (-nMTIMt'F 
IF (MFLAOn ,GF, KOPF) C-O TO 224 
IPSW = 4 
cn jr\ ''•?'' 
??4 roMTT̂ '̂ lF 
TDCI.I = -> 

























































































































































TCSW " ? 
IF riPUN .LE. 0) 00 T6 2tt 
CALL PCH 
CONTINUE 
YFI « YF(NMAX) 
GO TO 320 
60 TO PRINT MERE IF INITIAL PROFILE. 
CONTINUE 
IF (JBOD ,GT. 0) GO TO 250 • 
RBIJ « 1.0 . . . 
Twj 3 i.n 
CONFM • 1.0 
ARX « 1.0 / RBI 
IF (SINCO .EQ. 0.1 ABX • (l./Xl) 
GO TO 260 
CONTINUE 
RBIJ « RBI 
TWJ « 2.0 
CONFM = PIT 





















(VE1/VINF)»»2 • SKFER • RHOE 
SORTd.O - SINTH • SINTH1 
COSTH / RBI 
RBIJ • COSTH • CFINF 
RBIJ * SINTH • PE / RHVINF 
/ (SQRTRE * RHOINF) 
3102 
DFLXN • .5 
DRAGT + (DRTL + DRTN) » DELXNH 
DRAGP + (ORPL + DRPN) • DELXNH 
DRTN 
DRPN 
DRAGT » ABX 
DRAGP* ABX 
DRAGT2 + DRAGP2 
PVB • RBIJ 
RVBINT + (RVBRL + RVBRN) • DELXNH 
RVBRN 
S0RT(2. * x n ) 
CONFM • C0NIN2 
DISPTK + RVBINT / (RN * RMUREF • RBIJ) 
DO 290 N"1.NMAX 
IF (JBOD .GT. 0) GO TO 270 
CFMDOT • 1.0 
GO TO 280 
CONTINUF 
CFMDOT - (1.0 + YF(N) • CAWOT • RN) 
CONTINUF 
DUMMYtN) • FPRIMC(N) » CFMDOT 
CONTINUF 
CALL SIMINT (DUMMY. S, 
RSUM • (TWJ / TKl) • 
DO 310 I«1.NI 
DO 300 N«1.NMAX 
DUM(N) • CLIL(N«I) » DUMMY(N) 
CONTINUF 
CALL SIMINT (DUMi S. AAA. 1) 
FMDOT(I) » CONFM • S 
PARDOT(I) . FMOOT(I) » 8.7928E27 / FMOLWTd) 
CONTINUF 
JPl = JBOD + 1 
TF ( M ,GT. 1 ) GO TO '104 
PSUMO =0.0 
c;pRP « 0.0 
XIIP « 0,0 
YFP • YFI 
DFN • 1.0 
K»o • n 
IF (JROD ,NF, 1 ) GO TO 3102 
DFN « DFN + YF(MMAX) 
CONTINUF 
RFVF • -TKl » RSUM / (DFN • Xl««JPl) 
GO TO 3106 
AAA. 1) 


















































































































































• n n 4 CONTINUE 
DFN = l , n 
IF (JBOD .FQ, 1) DFN = ?,0 * (PP + RN » YFO • COST) 
SDX = DELXN + DFLX 
DXTl = DFLX / (DFLXN*SDX) 
DXT2 = (DELXN-DELX) / (DELXN'DELX) 
DXT3 = DFLXN / (DFLX*SDy) 
DR'̂ DX = R'̂ UM »0XT1 + RSUM0*DXT2 - R5UMP»DXT3 
DYFDX =(YF(NMAX)»DXT1 + YFO •DXT? - YFP »DXT3) • RN 
RFVE = -TKl / DEM • DRSDX + RHOF * VEl • DYFDX 
YFP = YFO 
PSUMp = PSUMO 
->infi COMTIMUF 
WRITE (IP,3107) Mp,SPRp, RSUMP. REVE. XIIP. YFP 
1in7 FOPMAT(I5,5F15.7) 
up = M 
IF (MP .GF, lOO) GO TO 311 
XORN(MP) = SPPP 
ne;Op(MD) s RCUMp 
PHOVF(MD) = RFVF 
yiPA(MP) = XTIP 
YFA(MD) = YFP 
3 1 ^ COMTTMIIF 
PSUMH = DCIIM 
Cn-^T = COiCTH 
PR = P B l 
YFO = YF(Mf"AX) 
X I I P = X I I 
t;ppD = SPOT 
DFLX = DELy" 
3?0 CONTINUF 









































































Subroutine BODIM is called once for each of the profiles along the body and calculates variables asso-
ciated with the distance along the body. The step size Ax is determined using the procedure described In 
Equations 73 through 78, The interpolated edge conditions are found and printed in BODIM. BODIM has one 
argument, lALL, which is set to 2 when all body profiles have been done, i.e., X ̂  XMAX. 

























c. a t wal l 
4f (71b) 
Ax for t h i s s tep 








^m.l C^̂ )̂ 
Pressure at edge 
rad ius of body, m-t-̂  
r ad ius of body, nr<-l (69a, 69b) 
"̂eW 
factor for p in WKHS 
^ \ 
(̂ e)m4 °^ 
t̂ e W °^ 
T ,̂ temperatiwe at wall °K 














^ + * 
(Yla) 
A? ^r)e„ 
( ^ * ^ > 
Terms for V in CALCV 
See eq . (36) . 






































































































































C"̂ l (30) 




























DMDH I "̂  
WOV 
SPFI i'^'^) 














































S I N T H 
RFS 



























































































































































DXL = ( 7 , 
M<; - 1 
r o M T T M U F 
FM<; = " ^ 
D F L V N r DFLX 
TF (MS , G F . 
'"^ = M<; + 1 
r,o TO 4 n 
r o M 7 | M i j r 
T'^ ( T D X , C F . 
I D X 
TX< ; " 
n F L X T ( I D X ) = 
r o M T T N l ' F 
yo = XI 
X I = XO + DF 




» RFTX + 1 . - 3 , • FMX) / (FMX - 1 , 0 ) 
T ( ! D V ) * d . n + ( 1 , 0 + D X L ) * FM<^ / FMX) 
MX) r o TO • '4 
I F ( 
X l ' ' 
TOY? 
I C H G S ' 
NDX) CO TO 1 8 0 
I D X + 1 
7 
( 7 . + D X L ) * D F L X T C i r i x - l ) 
LXN 
XMAX ) G'l •̂ o ipn 
+ DFLXN / 2,n 












IF (ir-FOM ,c,F. 0) DVFO « VA(?) / XA{?) 
riFTo = r\,n 
CFO = SMALLF 





















DO ?" I«1,NI 
CALL POLATF 









OF . (PFO + 
'IF • (VFO + 
TF . (TFO + 
"^'TF • UF * 
TKF « TF / 
SPOT • XI / 
FTFO • FfF 
IF ( MOD( M 
'.IRITF (NTO, 5 
FORMAT(*lt?^ 
rOMTTK l|F 
ICHn,Sii * -1 
CALL POLATF 
CALL PPOLATF 
IDY« - 0 
FTFH = ,5 » 
CTFFO • FTF 
DFTF = ,5 • 
CAlL POLATF 















XA, PA, PFl 
XA, PA, DPrJ 
XA. \'A, VFl 
XA, VA, DVFl 
XA. TA. TF] 





N c n ) 
N F p ) 
N F D ) 
MFD) 
N F D ) 
N F D ) 
GO TO Kfl . T P P T P ) . N F . 
• ; ) M , «OBT 
X , I 4 « - T H BODY P P O F I I F , 
( S P R T . 
( S O R T . 
> 'PN, T F T F . 
X P N , T F T F , 
FTFi 
DFT1» 
s » » E 1 ? . 4 ) 
N T P ) 
N T P ) 
( F T F + F T F O ) 
* FTF 
( D E T O + D F T l ) 
















































































































































TW = TKW • 1.8 
ICHGSW » -1 
IF (IPP .GT. O) CO TO 115 
GO TO (6n,ii5,70,lls,no,60.H!|»70«1.15»110) IG 
60 CONTINUE 
RRO = XO * SI^CO 
RBI = XI » SINCO 
RRI? = X12 • SINCO 
SINTH = SINCO 
GO TO 130 
70 CONTINUE 
PRO = RBI 
IF ( XI .GT, RNPHIS ) GO TO 80 
RBI = PN • ?IN(X1/RN) 
GO TO pn 
so CONTINUF 
RRI = CONPHS + XI * SINCO 
TO CONTINUF 
IF ( X12 ,GT, RNPHIS ) GO TO 100 
RB12 = RN • <^IN(X1?/PN) 
GO TO 170 
inn CONTINUF 
RRI? = CONPH'^ + X17 » SINCO 
GO TO 170 
lln CONTINUE 
PRO = RPl 
PR17 = PBO 
CALL K ITTAf' (XO. X17. X17-X0. RRI?) 
RBI = RB12 
CALL KUTTAM (X12. X ] , X1-X12. RBI) 
GO TO 12 0 
115 CONTINUE 
XPO = XO/RN 
XR1 = Xl/RN 
y i ' = Y12/R'>' 
CALL POLATF (XRO , XPN, XPR, PRO . NTP) 
CALL POI ATF (XRl , XRN. XRR. RRI • NTP) 
CALL POIATF (yP17. XRN, yRR, RP17, NTP) 
17n CONTINUF 
?INTH = (DRl-RRO) / DFl^XM 
130 CONTINUF 
PMURM = RMURFF 
CSUM • 0,0 
DO 137 1=1,NT 
13? CSUM = C"=UM + CFKI) / FMOLWTd) 
RHOFO = RHOF 
RHOE = PFl / (P • TFl » CSUM) 
PHOFH =,•=.* (RHOF + PHOFO) 
TtJF = TFl / l.R 
CALL THFPMO (-1) 
T<F = TF / l.P 
FLAMM = RMMDH # VEO 
ir| APL = RMURFF » VEl 
FLAME = .5 • (RMURM + RMiiRFF) * UF 
IF ( JBOD .LE, 0 ) GO TO 140 
JP? = 7 » JBOD 
FLAMM = FLAMM • PRO ••JP? 
FLAPL = FLARL • RPl ••JP? 
FLAHF = FLAHF • PB17^^JP? 
140 CONTINUF 
ETFPR = DFTE / (RN • FLAHF) 
Xio = XII 
DFLX! = DELXN • (FLAMM + 4.0 • FLAHF + FLAPL) / i«0 
XII = DFLX! + XIO 
XII' = XIO + DELXI / 2.0 
SFN = 2.0 * Xll / (VEl « FLAPL) 
SMALLE = CTH • SEN + (I.n - CTH) • SFO 
<;F0 = SFN 
FRAP " XI12 • (DTFO + DTFl) / (TE * FLAHF) 
TXIF = 2.0 • XI12 • ETFPR 




















































































































































































































































































































c c a 
o 
c 
o cc o cr 
(1^ 














































































c c a 
IJL 































































































































































t/ * if IN. • 1 
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c X :< 
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f-c c -~ 











c tr -> 
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* II 0 



















* II rH 








































































































































c c r c k-c i. 
u

























0^ * IL' ^ u Q 






~--* * Lf t> X 0 • X CL 4: i: Q •̂ 
X
























s a C' 
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0 c ^ L 





































Subroutine BSETUP is called only once per problem, before the body profile calcxaation is started, and 














CTH = 1.0 = 0 for boc^ profiles. 
FP(N) = FPRIME(N) 
TH(N) = THETA(N) 
CL(N,I) = CLIL(N,I) 
Profiles from initial profiles «»e stored 
as previous values. 
FMBAR(N) M 
WFA(NK) weight factors all set • 1.0 
DXEST(K) 
est 
















































































































CTH = 1.0 
WTTF (NTO, 5) 
FOR"AT(»0»11X* 
DPTL = '̂ .0 
npPL = n,r 
pynpL = '^,'^ 
RVPT"T = '^,'^ 
XI = ^.f' 
XII = 0.0 
DPI = n,r 
IDX = 1 
IXSW = 1 
DPAGP = o,n 
TRM = VONF 
DPAGT = '^,'^ 
DFLXM 
DO 70 





CTH =*F13.5«^» BODY PROFILES.*) 
/,n 
= DFLXTt 1) 
N=1,MMAX 
= FPPTMF (̂') 
s TMFT4(N) 
I = 1 . MI 
1̂ ("1,1 ) = CLTL(M,! ) 
CSUM = CSUM + (CLILtN.I ) 
roNTiMi IF 
FMpftPfM) = 1,0 / rs'jM 
roMTIMUF 
FMBARF = FMPA°(NMAV) 
n o 3 0 Mk-=:1,N<M 
' • i F A ( M i ' ) = 1 , n 
nr<M( MV ) = n ,r, 
C n N T I N l i F 
M D V l = NPX - 1 
D O li^ 1̂  = 1 , M P X l 
D X F < ; T ( < ) = D F L X T t < + J ) 
CnMTI i> 'UF 
P F J I I P N 
FMD 
/ FMOLWTd) ) 















































































Subroutine CALCV c a l c u l a t e s V, t h e trana£<wiiied normal v e l o c i t y , fo r eatch po in t aieross t he boundary l a y e r . 
See Equations 36, 39 and U8. 
CALCV using V , (Eq. 80a) , 


































































































?0) I P S GO TO ( 1 0 , 
10 CONTINUE 
nio 17 N = 1,MMAX 
FP(N) = - F P P I M F ( N ) 
1? CONTINUF 
I F (IGEOM , G F , 0 ) GO TO 14 
\/ONF = o . n 
GO TO 16 
14 CONTINUF 
VONF = 1.0 / SORT((1,+FJ)»PMURFF»DUEDX) 
U CONTINUF - -
V( 1 ) = VONF * RVR 
CALL SIMINT (FP, AAA. V, 2) 
IF { IBPDYO .NF, 2) r-o TO 40 
FTE = VS » FTF / V(NMAX) 
ETESO = FTE » FTF 
WRITF (NTO.17) FTF 
17 F0RMAT(12X»ETE =»F13.S) 
GO TO 4n 
2" CONTINUF 
V(l ) = VONF » PVR 
DO 30 N=2.MMAX 
V(N) = V ( N - l ) + D N ( N - l ) • ( ( F P ( N ) + F D ( M - l ) ) * XITRM 











































































































Subroutine CALDNS computes r| at each point across the boundary l ^ e r eeai efio&instlons of t h e A T | ' S . 
Common va r i ab le s computed a r e : 
1 '• 






= ^ \ - ^ \ - l 
= Â „.l ('\ " ' \ 








ATI TTATJ +~Sfi 7 7 
'n-1' n 'n-1 






' \ ' ' \ . l 
''\-l 
" ' \ ^ ' \ . l 
ATI, 
- (̂•° ̂  A^) 



























MMAX , NV? « NTO 
MMl . NP 
FTC , VOMF 
DMH(5') » TnN0M{5") , TDNOPC^O) 
0FM3(50) , DNT72{5') 
DMTR1(50) . DNTP3(50) . DPDN{SO) 
P^DN 
FTA(l) = 0.0 
DO 10 W-1,KM1 
•^TA(N+1) = FTA(N) + DN (N) 
nNH(N) = DN(N) / 7,0 
D̂ 106(̂ M = DN(N) / ^.0 
to CONTINUF 
no 7n M=7,MM1 









C A 0 Nl 
C A D N 









































RON = DN(2) 

































































NI . NMAX . NM2 
NJ . NMl . NR 
CLIL(50»30). FPRIME(50) . THETA(50) 
BETA . CTH 
BEBB(50) 




DO 10 N"1.NMAX 
DUM(N) " F P R I M E ( N ) » FPRIME(N) 
CONTINUF 
.S(l ) « 0.0 
CALL SIMINT (DUM. AA. S . 2 ) • 
DFPO = DFR • DFR 
DEBR « SQRT(DFB) 





























































CCl i s a function subrout ine which c a l l s PQLA3X t o get tlie interpolated valine of enthalpy a t TK. 
CC2 
CC2 i s a function subrout ine which c a l l s VOIATB t o get tbe i ^ « r p o l a t e d value of spec i f i c heat a t TK. 
FUNCTI'^N CCl ( J*:, I ) 
COMMON /AA/ CCP(50.30) . ENTHA(90.30).TEMP(561 » IX 
COMMON /8n/ JP(30) 
Jl = JE(I) 




FUNCTION CC2 ( TK. I) 
COMMON /AA/ CCP(50.30) , FNTHA(50.30).TEMP(50) t IX 
COMMON /80/ JE(30) 
Jl = JF(I) 













































Subroutine CHEMPR computes the chemical prcjduction te rms . CHEMEB i s not completely general ized so care 
I s recommended when problems o ther than an a i r mixture are being run . See Chapter 2 beginning with Equation 
(28a) for a desc r ip t ion of W°, W""" and W. See Chapter 5 for d iscuss ion of the chemical r eac t ions and r a t e s 
which are computed in CHEMffi. 
Conmon var iab les coinputed are : 
FMBAR M, molecular weight of mixture at each point 
across the boundary layer. 
FMBARE 
GAMMA 
M , molecular weight at edge. 
Y, mass concentration of species and catalytic 







p, density at each point across the boundary layer. 
P 





Program variables are; 






Bac)cward stoichiometric coefficients, computed 
in subroutine STOI. 
k , Eq. (88a) 
r 
forward atolchloaetrlc coefficients, conpated 
in subroutine STOI. 
temperature at current point across boundary layer. 
TEN 
T., for initial profile 
( T ) , for body profiles 
Xjj FORLj^ - BACLjj,, 
X. Is printed every IIBT or IIBTB iteration. 
The term TEMST should be used only for a gas model with oxygen and then the first reaction must be 0 + M 
ss 20 + Mj_. The term TEMP8 should be used only for a gas model with COg as the 8th species and the 8th and 
9th iMacttotfs are:/ 
CO + 0 + M^ e COg + M;̂  
COg + e rt CO + Og 








































/ I / 
/ 2 / 
/ 3 / 
/ 4 / 
/ 5 / 
/R/ 




















































! = 1,̂ 'I 











51JK J + ^A""1 
,n / CSIIMt 









THFTA(M) » TFM 
T / 1 ." 
ALnG(T-' ) 














. NMAX » NM2 
NMl , NR 
ILF , MFLAGO 
IBS 
. FPRIME(50) , THETA(50) 
FMBAR(50) . FMBAPE 
, PHOINF , "MURFF 
PE , SMALLE 
PINF , TF 
PR12 , VEl 
TFl , XI 
FMDOT(30) , OCOND 
FMOTH , OCONV 
HF(50) » ODIFF 
HXTFFP » CTFTLR 
MXTFFp , OTOTAL 
PARD0T(30) , PMFLI1X(30) 
GAMMIN(70,4'~) ,GAMPL'^(30 
C2(30) > 01(30) 
00(30) , D2(30) 
,CfETA(30,40),CSALPH(30) 
PHOSAP 
PMD(43«i) , CM0(435) 
102 
ICO? , IMl 
IFL , IM7 
, F0PK(30) , 




-XP (D2(KR)»T<LN+D0(|^P)-D1 (KO)/TK) 
^U 
J - NI 
J) = 0 
1=1.NI 
.0 
GAMMA(J) = G A M M M J ) + C'MMAII) » Z ( I » J M J ) 
rOMTJMIIF 
DO En J=! ,>'J 
IF (GAMMA( J) 




IF ( IF 
« PFl 
.GF. n.o) Gf 
.'̂  
» FMBAP(N) 
= DMO(N) • . = ]5''6 
-.FO. C) GO TO 5? 
1 TO 50 



































. C S P F T A O O ) .10 
. 2(30.10) 
, IM3 , 




















































































































































CALL STOI (CALPH . CSALPH i FORK t FORL ) 
CALL STOI (CRFTA, CSRFTA . RACKK , PACL ) 
DO Kl^ < = 1,NR 
X(N,K) = FOPL(K) - PACL(K) 
COMTINUF 
CONTINUE 
GO TO ( 64. 110 ) . IFPOZE 
CONTINUE 
DO on I=1,MI 
ciiMn = ''<,''t 
eijMi = n,r\ 
DO 7n <p=i,NP 
GP = GAMPLS(KR.I) 
GM = GAMMJM(KP.I) 
SUMn = eiijMO + (GP » FORL(KR) + GM • BACL(KR)) 
?UMi m SUMl + (GP * PACL(KP) + GM » FORL(KR)) 
COMTINUE 
IF (r.AMMAd) ,NF. 0.0) GO TO 72 
SUMl = r',!^ 
GO TO 74 
CONTINUF 
e;t,IMl = t;i)Ml / GAMMA ( I ) 
COMTIMUF 
WZFP0{N.I) = FMOLi-iT( I ) 
WOWE(N.I) = SUMl 
WPAP(N»I) = SMALLF » 
fOMTINUF 
IF (TO ,Fo, 0 .on, IMl 
TFMi^T = RACK<(fl) * "HOOAf 
W7FP0(N,I0) = W7EP0(N,I0) 
WONE(N.IO) = wOMF(ri,TO) 
CONTINUE 
IF (ICO ,F0. 0) GO TO R? 
* SUMO 
(l.'ZERO(N,I)-S()Ml*CLIL(N,I )) 
.FO. 0) GO TO Rl 
• GAMMA(1M4) 
+ FMOL'-'T(IO) • GAMMA (10) » TFMsf 
+ TEMST 
TEMP8 • RHOBAP # 
W Z F R O ( N . S ) 
W O N F ( N , R ) 
W Z F R 0 ( N . 8 ) 
K i o N F { N , 8 ) 
CONTINUF 
DO lOO J l . l . N I 
GSUM • O.o 
DO 90 J ? . 1 , M P 
GSUM • GSUM+ D I F A ( J 7 » J 1 ) 
THE CONSTANT euRFCPIPT<^ IN THE THPfF 
FOLLOWING STATEMENTS REFER TO REACT-
IONS AND THFY MUST MATCH THF PFA C T I O 













































































































































Subroutine DEBIV computes the va3a» Of fh» dwlvatlve -^ •^tkU^ Is used la nOffeafctaia KUTTAt% Hie 
dx 
equation for -— i s given in (70). 
•^b 
wM>^tj6i,j.^ 
SUBROUnNE-OEPiv" (V, DYT ""-—' "f—'"'̂  f«^^-„ -»—— -- - . ^^^j . ^ 
COMMON / l O / RN . TANCO , ,1 
FOO=Y/RN 
F0O=F0O»FO0 
DV = S0RT(1,0/ (1«0+F00 /.<r,0*FO$-Jt TANCOJMh-^ — 
RETURN 


















Subroutine DEBVDN computes the first or second derivative of a function with respect to T). See Equations 
(23b) and (23c). 






computed value of the derivatlre 
1, first derivative desired. 
2, second derivative desired. 
point where derivative is to be calculated. 
SUBROUTINE DERVDN I1V« WP. lORD. N) 




























GO TO (10. 40) . lORD 
10 CONTINUF 
IF (N .NE. 1) GO TO 20 
WP = -W(l) » ((DN(2) + ?.»DN(1)) / OEN3(2)) 
1 +W(2) » DPDN(2) / DEN2<2) -W(3>*DN(1) /(DN(2)*DPDN(2)) 
GO TO 50 
20 CONTINUE 
IF (N .FO. NMAX) GO TO 30 
WP = W(N+1)»DNTR1(N) + W(N)•DNTR2(N) - W(N-1)»DNTP3(N) 
GO TO 5n 
30 CONTINUE 
WP = W(NMAX) * ( (DN(NM2)+2«*DN(NM1 ) ) / DENKNMl)) 
1 -W(NMl) * DPDN(NM1)/DEN2(NM1) 
2 + W(NM?) * DN(NMl) / (DN(NM2) • DPDN(NMl)) 
GO TO 50 
4n CONTINUE 
WP = 2.0 » (W(N+1)/DEN1(N) - W(N)/DFN2(N) + W(N-1)/DEN3(N)) / 
50 CONTIMUE 


























































Subroutine EHEREQ eooiputes the coef f ic ients and se t s boundary values for the solut ion of the energy 
equation ( 9 ) . For the i n i t i a l prof i l e calculation one may i t erate in s ide ' th i s subroutine. The calculat ion 
i s done KEKE times I f KOFT = 1, or i f KDPT = 2 , calculat ion i s repeated u n t i l CHECK (canputed in WKHS) i s 









B(NMAX) = 1 . 0 • . 
C(!ftttX) = 0 . 0 
D(IIMAX) = 1 . 0 
The appropriate weight factor is set. If body profiles axe being calculated (IBS = 2) the previous -ntliie 




COMMON /I/ NI 
1 NJ 
COMMON /3/ IFROZE 
COMMOM- .y!4j!—-F4.4-60) < 
COMMON /9/ CLIL(50»30) 
COMMON Ik/ CKSO.gni 
COMMON /S/ FMOLWT(30) 
COMMON /13/ HINF 
1 HF(30) 
COMMON JZIJ CPBAR( 5r)l- - . 
1 ENTAPY(50i3t 
COMMON /28/ BETA 
COMMON /32/ TW 
COMMON /35/ EBAR 
COMMON /38/ REBP(50) 
COMMON .7.3a/- NKM 
COMMON /4n/ TBRnVO 
COMMON /55/ AENE 
1 A MOM 
COMMON /56/ BLIL(50) 
1 DLIL(50) 
. COMMON J.^-11 -..ALEWl 13(31 . 
1 ALPH2(50) 
2 At:PH3(.50» 
COMMON /58/ A(50) 
COMMON /59/ KOOT 
i«iPr ,» 1 
A(l) » 0.0 
B I D » 1.0 _ 
D(l) - TW / TE 
B(NMAX1 " l.Q 
C(NMAX) « 0.0 
DlHMAXl !• 1..Q , .. 
SETE « SMALLE / TE 
WFAC - WFA(2) 
OMWF « 0MW(2) 
UCTRM • UE2TE • fWktKS. 













, FFMUL .- . 
1) 
. CTH 

























































































































































MFLAf, • 0 
7^ CONTINUE 
MFLAG = MFLAG + 1 
•'̂  CONTINUE 
DO 120 M=2»NM1 
TERM = UETRM » FPRIMF(N) / FMBAP{N) 
GO TO (42. 44) • IBRDYO 
4' CONTINUE 
TERM = TERM • BEPB(NM4X) 
GO TO 46 
44 CONTINUE 
TEP" • TERM « BEBB(N) 
46 CONTINUE 
CALL DERVDN (FPRIME. DFP, 1» N) 
WCIS • 0,0 
WHF=; » 0,0 
CBDFN • 1.0 / CBAR(M) I 
DO 70 I=ltNI 
WCI? • WCIS + WRAR(N»i) « c r r K N . n 
WHFS » WHFS + WBAR(N»n « HFd) 
GO TO (40,60) I IRS 
4f̂  CONTINUE 
GO TO (70,60) , NEOUIL 
5 0 COMTINUF 
TCMc « eNTAPY(N,I) • WTH(N»I) 
WCIS « WCIS + TEMS • SETF 
WHF«; » WHF? - TFMS » SMALLF • THETAINJ 
70 CONTINUE 
GO TO (80,inO) , IBS 
^0 CONTINUE 
OFD<;o • DFP » DFP 
GO TO HO 
ion rovTU'UE 
CALL OFBVDN (FP , nFP2. 1« N) 
HFD^O = r>e'n » n^P? 
FPCP " FPRIMF(N) * rPRAR(M) 
ALPH4(N) " - FPCP * CBOFM 
TFPM = TERM - EBAR • FBOP 
110 rr'MTlvuP 
ALPHKN) . (CBARPR(N) - CPBAR(N) * ( V ( N )+DLIL ( N )+BL IL ( N ) ) >*CBOEN 
ALPH2(N) • ( TEPM - WCIS) • CRDFN 
ALPH3(N) - (UE2TE » FL(N) • DFPSQ - WHFS / TE) « C8DEN 
170 rOMTINUF 
GO TO (150»130) . IRS 
n o 00 140 M.l.NMAX 
14̂ ^ TH(̂ ') « TMETA(M) 
15" CONTIMUF 
CALL W<HS CHFTA) 
GO TO (16",19") . IR? 
16" GO TO (170,18") , KCPT 
170 IF (MFLAG .LT, <FNF) GO TO ?0 
GO TO 190 






















































































































Subroutine E5p2 is called by QHl When IWC = 5, for mass transfer of ablation products. The value of 





COWWH /6e/ IHl , 
IF il .NE. 102) GO TO 10 
C « .2328 
GO TO 30 
10 CONTINUE 
IF ( I _»NE-»-4-Ni4-.G0. TO .20 
C = .7672 
GO TO 30 
20 CONTINUE 
C = 0.0 . „ . . : „ . . 
30 CONTINUE 
RETURN ... ,, .. , -,M . 
END 
tol 
•i'a^i^.»»Miii>lmia»ii!i(fc|.ii .̂ .i 
• \ 
--.̂  
^ ̂ .. 






























Subroutine EQUIL computes the values of o . for the equilibrium option and c . when it is not given. 
n,l cOji 
EQUIL is not a general subroutine and is only good for "air" with the species in the following order: 
Og, Ng, 0, N, NO, KO 
There are three arguments to EQUIL: 
T temperature, E 
P pressure, psf 
N if H = 0, compute ĉ ^ for each species; if N > 0, compute o for each species 
at N point (across the boundajry layer), RHO(W) is also computed. 
There is an iteration loop in EQUIL and If more than 20 Iterations ara attempted an. error message Is 
printed. "TOO MAHY ITERATIONS IN EQUIL, GCK = GCH = ••• " followed by a normal return from the subroutine, 
A second version of EQUIL is Included which was used for Binary Gas Model problems. 
































GR ( 7 ) 
(KRI = 
(JKI = 











7, 3. 4) , 
JKI(6) , 
KR! (4) 
( EPS = .000001) • 
(I^P = 6) » 
(ISPl = 7) 


















GL'»4 • GL(3) 
GCK • 0,0 




IF ( fl 
GL(J) « 
GO TO 50 
CONTINUF 
GL(J) • GR(J) 
CONTINUE 
> T / 1.8 
' ALOG(TK) 
« ,04 
« .51536 * P / 
» PART / GSUM 
« 2.0 # (.2328 
« 2.0 * ( ,7677 
"liISPl 
0,0 








C2(K) • TKLN 




GP(J) - GL34 
RHOBAP / ECK(J) 
* RFK « GB(J) .LTi 









GO TO 40 
(3 + 8.0 • RFK # GR(J) ) I 








































































































GCK. •-AWtXlMSOtiGCMl . . .:/l'l.;...„...j',.-.t..:.... ...; 
CONTINUE - •• •• ' 
GL12 • GL(1)^« GL(2) .,-..,., 
DO 130 J«i,6 
ISW.-- J - 2 — ,,. ,„•,; .̂. 
GAMC « GL<J) 
GO TO [80, 90» 100. 100) i ISW , .\, . . . . . 
CONTINUE ' 
6L(J) • RHOBAR » GL12 / ECK(J) 
GO TO 110 
COHimUE.-. —̂  I,.; , . ,, 
(3L(J) • SQUTtfCrUJ • «ll2J 
— TO u a ^- .- ,„',L, -̂-•.. -...«*-.~^,. 
COMTINUl 
oLui .̂tMOBAA » aL(a**ttt*2 / l e t iMit - ,1 . 
CONTINUE 
GCH » A8S (GAMC - 6L(J)) / GL(J) ^̂ ^ ^ 
CONTINUE 
GCK «..AMAJ«-(GC<vftCW) • - .'• -. •-
CONTINUE 
GSUM • 0.0 
GL(7) « GL(4) 
DO 140 Jxl.ISPl . -. 
GSUM » GSUM + GL(J) 
CONTINUE .^..^ 
RHOBAR » PART / GSUM 
ICT « ICT + 1 
IF (ICT .GT. 20) GO TO 142 
IF < GCK ,GT. EPS ) GO TO 30 
GO TO 148 
CONTINUE 
PRINT 145, GCK. GCH 
FORMAT(*0 TOO MANY ITERATIONS IN EQUIL. GCK =*E12,4,* 
CONTINUE 
GO TO ( 150, 200) , ICOMPO 
CONTINUE 
DO 190 IC'l.ISP _ 
JK « JKI(K) 
= GL(JK) * FMOLWT(K) C 
IF (N .GT 
CINFdC) -










0) GO TO 180 
1) GO TO 210 
• RHOBAR / .51536 
EOUI 44 










, „.- .. EQUI 55 
EOUI 56 
';....—.......̂ ,.— fpyj 57 
EOUI 58 





































SUBBQUT^Mg^ eOllIL 4T«-»» *»+-
.1 
DATA 
TK • T 
THIS SUBROUTINE SHOULD ONLY BE USED 




/5/ CLIL(50.30), FPRIME(50) . THETA(50) 
.y«y_--EM0Uiat»a4—»--FMeAR(504 • FM8ARE 
/48/ C0(30» . C2(30) • 01(30) 





PART - .515S6 
ICT • 0 
GSO • 0.0 
UJO-




































GSUM • »04 
FORK • C2(l) » TKLN + C0(1) - CKl) / 
BACK » D2(l) * TtCLN + D0(1>.» 01(1) / 
ECK « FXP(FORK - BACK) 
CONTINUE 
GCK « GSO 
RHOBAR • PART / GSUM 
EKR • ECK / (4.0 * RHOBAR) 
EKR8 • 1.0 / t 8.0 • EKR) 
IF (EKR8 .LT. .001) GO TO 20 
GSO « EKR * (-1.0 + SORTd.O + EKR8)) 
GO TO 3 0 
CONTINUE 
GSO = ,0675 • (1.0 - FRKR • 
CONTINUE 
GCH ' APS(GCK - GSO) / GSO 
GS02 « RHOBAR * GSO * GSO / ECK 
GSUM « GSO + GS02 
IF (GCH .LE. EPS) GO TO 40 
IF (ICT .LF. 20) GO TO 10 
ICT » ICT + 1 
PRINT 35, GSO, GS02 
FORMAT(»0 GAMMA 0 =»E12.5»4X*6AMMA 02 
INS IN FOUIL.*) 
CONTINUE 
CLIL(N,1) = 16.00 • G.<;0 
CLIL(N.2) = 1.0 - CLIL(N,1) 





( ,25 - ,125 » ER)C8n 






























































CtMBSS iB » MBtrix Invers ion subroutine f ron the CO-OP l l t a t a y . fb» •igBMiila aawi 
XX - order of Matrix (integer) 
Al - The e r r o r f l ag i s s e t when a dlafPRBl elBiMiiit of t b e '^ •gogt t -
l a r i z e d Matrix i s s Al . 
A2 Name of Matrix to be Inverted. 
A3 - Name of inverted matrix 
K2 - error flag | g " Mo e r r o r s 
Matrix i s s i n g u l a r . 
CJAUSS3 i s c a l l e d by MCDHT where t he e r ro r f l ag (K2) i s t e s t ed ; i f i t U w S, tShe message "ERROR Hf MA.T83X 
mVERSIOH" i s p r i n t e d and the c a l c u l a t i o n i s t e m l n a t e d . 
SUSROUIIME (UU&SJ (HH. 
DIMENSION A ( 3 0 , n 
N = NN 
DO 1 1 = 1 , N 
DO 1 J « 1 . N 
1 X ( I , J ) « o , n 
DO 2 K « 1 , N 
2 X ( K , K ) « 1 . 0 
10 DO 34 L = 1 . N 
KP = o 
Z = 0 . 0 
DO 12 K«L«N 
I F t Z - A B S l A ( K . L ) ) ) 1 1 . 1 2 . 1 2 
11 7 = A'^S ( A ( K , L ) ) 
<P = K 
17 CONTINUE 
I F ( L - K P ) 1 3 , 2 0 , 2 0 
1 ' DO 14 J=L»N 
Z = A ( L . J ) 
A ( L , J ) " A ( K P , J ) 
14 A ( K P » J ) = Z 
DO 15 J = 1 , N 
Z = X ( L , J ) 
X ( L , J ) " X ( K P , )) 
15 X ( K . P i J ) = 2 
20 I F ( A B S ( A ( L . L ) ) - F P ) 5 0 » 5 O » 9 O 
30 I F ( L - N ) 3 1 . 3 4 , 3 4 
31 L P 1 « L + 1 
DO 36 K « L P 1 . N 
I F ( A ( K i L ) ) 3 2 , 3 6 » 3 2 
32 RATI0"AIK..L1/A.ii_a-X ~ 
DO 33 J « L P l » N 
33 A ( K , J ) - A ( K . J ) - R A T I O » A ( L , J ) 
DO ^5 J = 1 , N 
X ( K « J ) « X ( K . J ) - R A T I 0 » X ( L , J 1 
35 CONTINUE 
3 6 CONTINUE —— 
34 CONTINUE 
40 DO 43 I»1»N 
I I - N + l - I 
DO 43 J=1 .N 
S = 0 . 0 
_ IF( tI . -( i i -41*A3tA3 
I I P l ' I I + l 
DO 42 K - I I P l . N 
S - S + A n i , K ) » X ( K . J I 
x ( i i . j ) « ( x ( i i . j > - s > / A ( i i » n ) 
KFR»1 
Ga to _ i i 
ltEB-2 
tPt i^ It tER.1 




















































































































Subroutine HUtJNOT is called to oompute the flow at the edge for a shock layer ealeulstlon xising the 
modified Rankine-HUgoniot relations as described in Appendix A. 
HUGNOT has one argument - IHSW. 
IHSW = 1 when HUGNOT is called by PRECAL and the initial values 
of PE, UE, TE and RHOE are required. 
IHSW = 2 when HUGNOT is called by THERMD and conditions behind 
the shook with slip are calculated. New values of Cĵ  at 
the outer edge of the shoolc layer are also con̂ iuted. 
There is an iteration loop in HU(3N0T with a built-in limit of 100. If this limit is exceeded, "TOO 























































































10,20) , IHSW 
CONTINUE 
SRT - (1.0 -SS) / RN 
VRN • VINF / RN 
PF • TF • 
CCS - 7000 
VINFO • VINF 
FMT • FMBARl 
GO TO 50 
CONTINUF 










(THFTA . DTH, 
iNMWt 










































































































































EPSI .». VSVINF 
RVNI • 1.0 / (RH01NF»VINF) 
- EP2 • m ,̂ 2̂•«0 ,», gp5I 
/ (1.0-EPSt»(1.0-1.0/SS»»»»? 
' EPSn + EPSl 
EDBLTl • d.O-EPSn 
. TSl . B SS • (1.0 -
OPJ " 1.0 + FJ 
..TS4 » OPJ * TSl 
ATEB B 0»J • B>IU»e»' 
liJtB B-IAA i 
1 '•• (l*0-SS)«l««IN/tSS«NS»«OPJ»miOf«OVRE)) 
-̂  6UtBK.|uMm»-I&i^,JgH. ^ 4 ^ _-. 
TEMP ir ATfB • mjfftX 
SOTEM • SORT(TEMP) 
CTEM • RVNI » SOTEM / PR(NMAX) 
SUM a 0 . 0 
00 40 I » 1 , N I 
. . .SUM .-»: SUM + ENTAPYdilMAXiI) * FTER(L l 
C I N F d ) - CTFM * F T E R d ) 














CEOG( I ) 
IF ( C E O G ( I ) 
CONTINUE 
SHOLD « SH 
SH • RVNI • 
1 
SOTEM • ((CPBAR(NMAX)*TE»DTH+SUM) / PR(NMAX) 
+ 1.333333a3*V<NMAXJ«DVRE»tEMP7 RHOE ) 
HSP) GO TO 42 
IHSW 
CONTINUE 
VSVINF •> RHOINF 
TKE • TE / 1.8 
-_ CCS « C*D 
CHS « 0.0 
. DO 90 1=1,NI 
GO TO (82,84) , 
. CTEMP = CINFd) 
GO TO ft6 
CTEMP = CEOG(I) . 
CONTINUE 
CHS • CHS + CTEMP 
CCS • CCS + CTEMP 
CONTINUE 
GO TO 50 
CONTINUE 
















.l&(MTjt;fi£J«MS-*8ll»Dl;ffiWUl£PJlltVJNPll • OFP HUOO 55 
HUGO 56 
MU60 57 























































IF (SH .LE 
SH » HSP 
CONTINUE 
SH = .5 * (SH + SHOLD) 
CONTINUE 
GO TO (60.70) , IHSW 
CONTINUF 
PET » PE 
PF » PINF + RHOINF • VINFO * d.O-VSVlNF) 
CONTINUE 
TFT = TE 
HSP - HINF + .5 » VINFQ • (1.0 - VSVINF • VSSfJSfJ 
HS = HSP - SH 
TE • (HS - CHS) / CCS 
IF (ABS(TE-TET) .LE. .0001) GO TO 100 
ICTR « ICTR + 1 
IF ( ICTR .LF, 100) GO TO 80 
WRITE (NTO. 75) -»__^, , 
FORMAT(»0 TOO MANY ITERATIONS IN HUGNOT») 
STOP 
R • TE / (PE • FMT) 
* HF(I ) 
• CCKTKE. I) 
. IHSW 
.GT. .1) GO TO 80 
VSVTNF 
PE. TEJ RHOE. UE 
233 FORMAT( 13X*PE ••E13.5.13X»TE ••E13.5«11X»RH0E «*E13.5»13X*UE 
25^ 
--1E1»»»4- - -—. '- •' - HUSO 113 
60 TO (240»234) * IHSW HUGO 114 
234 CONTINUE HUGO 115 
WRITE (NTO»235) SH, DUEDX. TSl• EPSI HUGO 116 
235 FORMAT (13X*SI:I •*E13.5.10X»DUEOX •#E13.5»IJ>»TS1 -BflJ.S* HUGO 117 
1 11X#FPSI -#E13.5) HUGO 118 
240 CONTINUE - -_ -- , HUGO 119 
RETURN HUGO 120 
END ' HUGO 121 
255 
INPBOD ' . ' 
Subroutine INEBOD reads and prints the input cards beginning with card named "NWC" through the end (edge 
tables). The edge tables are a function of X/HN and the first value of X/RN must be 0.0. This is checked in 
IHFBOD and if this 1« not true an error message, "SUBR. INEBOD FOUND THAT FIRST VALUES IN EDGE TABLE NOT FOR 
X = 0,0", is printed and execution stopped. 
INEBOD calls subroutine ERTEDG to print the edge tables. 
Coiaaon variables confuted are: 
SINCO 
TANCO 










K - 1 . 





• SUBBOUTIME ilUPiOO — 
afljtURtMl after being printed. 
PA(K)-PO 
T A ( K ) - T 0 
VA(K)-U0 
XA(K)-RN 



















































» «>EtT(20> • 
lOL . 
READ 293. NTP 
READ 225, (XRN(K) ,K«1»NTP) 
RFAD 225. (TWT<K) ,K«1,NTP) 
READ 225. (RVPT(K)»K«1.NTP) 
READ 225. (TETEtK).K-l.NTP) 
WRITE (NTO,101) 
J='OJt'!tAIJ»Q»i 
IF (IRB .FO. 0) GO TO 104 
READ 225. (XRB(K)» K«liNTP) 
WRITE (NTO. 106) (K.XRNdC )tTWT(K)iRVPT(K).TETE(K)»XRB(K)• 
FORMAT (»0« 3X*K*5X»X/RN*JX»T-WALL*7X*RV(PYRJ»6X»ETA(EDCE 















































































WRITE (NTO.109) UjJHUItK)»TWT(X).RVPTtKl»TeTE<K)tK«l»NTP) 
l O l F0RMAT(»0* 3X»K»SX»X/RH»8X«T-WALL»7«»RV«I»TH)»6X»ETA(ED6E)«/ 
1( 3X . I2 .1X4E13 .5 ) 
107 CONTINUF 
READ 295. NDX. IPRTBi XMAXi ANSLC 
705 FORMAT(5X.2I5,2F10.0) 
READ 297» (XDELT(NS) , DELXT(N5) ,NS«1»NDX) 
7Q7 FORM4T(5X,2F10,0) 
READ 299, PO, TO, UO^ NFp 
299 FORMAT(5X,3F10.0»I5) 
ARG « ANGLC / 57.29578 
SINCO " SIN(ARG) 
TANCO = (TAN (ARG))*«2 
PHIS = (90. - ANGLC) / 57.?9578 
SINPH = SIN(PHIS) 
OMPHIS > PM • PHI* 
fONPHS • PN * (SINPH - PHIS » SINCO) 
WRITF (NTO,301) 
301 F0RMAT(»1»50X»B0DY DATA*/) 
WRITE (NTO^303) IPRTB. XMAX^ PO^ ANGLC^ TO, UO 
303 F0RMAT(8X»IPRTB «•!3•19X»XMAX «»F10.5•16X*N0RM SH PRESS ••ri2»4/ 
1 31X»C0NE ANGLE •=*F10. 5.17X»N0RM SH TEMP ' 
2F12.4/71X»N0RM SH VEL -•F12.4) 
ND - 14 
IF (NDX .IF. NO) ND • NDX 
WRITF (NTO.305) (XOFLT(K).X»liND) 
305 FORMAT(•0»6X»X •»F6.2,14Fa.2) 
WRITF (NTO.307) (DELXT(K)»K-1»ND) 
307 F0RMAT(2X»DELT X -«2X.14F8.3) 
IF ( ND ,F0. NDX) GO TO 320 
WRITE (NTO,309) (XDFLT(K).K-NOtNDX) 
309 FOPMAT(»0»6X»X -•F6.2.TFa.2) 
ND " ND + 1 
WRITE (NTO.307) (DELXT(K).K»ND|N0X) 
320 CONTINUE 
DO 322 K«1,NDX 
XDELT(K)« RN » XDELTOO 
nFLXT(K) « RN » DFLXT(K) 
32? CONTINUE 
RFAD 225 , (XA(ND).ND»1.NED) 
RFAD 225 • (PA(ND)iND^l,NED) 
RFAD 225 • ( VA (ND) tNO"-! .NED) 
READ 225 . (TA(ND).ND=1.NED) 
DO 330 1=1»NI 
READ 225 • (CA(ND,I). ND=1.NED) 
330 CONTINUE 
CALL PRTEDG 
DO 340 K=l,NEn 
XA(K) " XA(K) # RN 
PA(K) = PA(K) » PO 
VA(K) • VA(K) » UO 
TA(K) = TA(K) • TO 
340 CONTINUF 
225 F0RM*T(5X,7F10,0) 
IF (XAtl) .LT. l.OE-10) GO TO 350 
WRITE (NT0.345) 
345 FORMAT{»0 SUBR. INPBOD FOUND THAT THE FIRST VALUES IN THE EDGE 


































































































































. Subroutine HJEUT is called to road and print the input data. The input cards, tlirough the third body 
efficiencies relative to argon (z), are read and printed by this subroutine. Then the other input subroutine 
INPBOD is called. INPUT prints the message "END OF IHEUT". 
Tables of enthalpy and specific heat vs. temperature are in the Block Data subprogram and INPUT determines 
subscripts for the ones needed for each particular problem (by species name). If any are not present, or 
located, an error message is printed, "SUBR, INPUT CANT LOCATE ENTHALPY TABLES FOR SOME SPECIES", and a core 
duBp is given before tenninatlon of the job. INHTT calls SETOT to set option switches and PRZDSW for some of 
the 2-D array prints. 




Of = "P Of . - 1. 
K = 1 , BR 
NJ 
J=l -̂  
JE(I) subscripts needed to locate enthalpy and specific 







i f IK^ 
KKM 
NL 
NI(NI - l ) /2 
« - NI 













































































































. RH0(50) . 
, TKE » 















































































CK » WBLU- .. t IREAft 
EIO » ttOt « tWC 
JE(30» .. _. . . „. _ .. 
NIM 
IRB , XRB(90) 
IG 
CCP(50.30) , ENTHA(50»S0)»TEMP( 
HNAME(30) 




DATA (CHK = 8HBLUNT 2D» 8HSHARP 2D. 8HBLUNT AX, 8HSHARP AX) 
DATA (BLANK » 4H ) 
• DATA (NTO-61) . (PII»6.283185) 
RFAD 5. TITLE 




CALL HOROLOG (TM. DUl• DU2) 
WRITF (NT0.15) TITLE . DU2 
15 FORMAT(•1»19X,9A8/»0#52X#INPUT»20X»A10/) 
READ 25, NMAX. NI, NR, NJ» TOL. CK 
25 FORMAT(5X.4I5,3F10.0) 
NL « NJ - NI 
KKM • ((NI»NI)-NI) / 2 
READ 35. (SPN(J).J«1.NJI 
35 FORMAT (IX .UAi) 
NMl • NMAX - 1 
NM2 • NMAX - 2 
NIM » NI - 1 
IF (CK .NF. 0.0) GO TO 42 
40 CONTINUE 
RFAD 225. (DN(N). N-l.NMl) 
4? CONTINUF 
READ 45. IPRT. IPUN, IREAD. KOPE. KOPT. AMOM. AENE. ASPE. IWC. 
1 EIO. EI02 
45 FORMAT(5X.515.3F5.1.I5»2F10.0) 
GO TO (50,60)• KOPT 
50 CONTINUE 
KMOM " XFIXF(AMOM) 
KENE " XFIXF(AENF) 
KSPF = XFIXF(ASPF) 
60 CONTINUE 



























IRB = 0 
GO TO 641 
64 CONTINUE 
IPB = 1 
641 CONTINUF 
READ 65 , RN, RS. 
65 FORMAT(5X.4F10.0) 
RFAD 65 . VINF. PINF. TKINF 
CALL SETOT 
IF (NEOUIL .EO. 1) IWC • 2 
WRITE (NTO.211) NMAX. IWC. CK. RN. VINF. (TOT(I.1).I»l.3) 
211 F0RMAT(2X»NMAX -*I3.5X» IWC ••I3.8X*K «»F5.2.10X»RN -»F11.9.6X 
1#VINF -•F12.4.2X.3Aa) 
WRITE (NTO.213) NI. IPRT. TOL» RS. PINF.(TOT(I.2).I»1.3) 
213 F0RMAT(4X»NI ••I3.7X»1PRT ••I3.6X*TOL "•F9.6.6X»RS "•F11.9.6X 
1»PINF -•F12.4.2X.3A8) 









































































































































215 F0RMATUX»Mt »»11»JX*IPU!1-••13»2S1U»BELTA *»PL1«9«5X 
1*TKINF • •F12 .4 .2X .3Ae ) 
WRITE (NTO.217) NJ. IREAD. AMOM, TKW. (TOT(1,4).I»l.3) 
217 F0RMAT(4X»NJ -"IS,6X*IREAD "•I 3.5X»AM0M =»F7.4,7X»TKW »*F11.4.26X 
13A8) 
WRITE (NTO.219) KOPE. AENE. EIO. (TOT(I.5).I«l.3) 
219 FORMATd8X*K0PE »»I3.5X»AENE -•F7.4.7X*E 0 •#F11.4.26X.3A8) 
WRITE (NT0.221) KOPT. ASPE. EI02. (TOT(I,6) . I«1.3) 
221 F0RMATd8X»K0PT •*I3.5X»ASPE =»F7.4.6X»E 02 »»F11.4.26X»3A8/) 
NKM = NI + 2 
READ 295. (WFA(NK).NK»1,NKM) 
RFAD 225 . (FPRIME(N),N«1,NMAX) 
225 FORMAT(5Xi7£10.Q) 
READ 225 , (THETA(N),N«1.NMAX) 
226 READ 229 . (CLIL(N.I). N-l.NMAX) 
READ 229 « (CINFd) • I«1.NI) 
READ 225 , (HFd) , 1 = 1.NI) 
READ 225 • (FLEJd) , 1«1.NI) 
RFAD 725 , (FMOLWTd). 1=1.NI) 
WRITE (NTO.2395) 
7395 FORMAT(»0*20X*K INTEPArTION*5X»AMD»10X*BMD»10X»CMO») 
DO 241 KK=1,KKM 
RFAD 740, AAC.AMD(KK), RMD(KK), CMn(KK) 
240 FORMAT(A5,3E10.0) 
WRITF (NTO.2405) KK, AAC, AMD(KK), PMD(KK). CMD(KK) 
2405 FQRMATd9X.l3.6X.A5.3X.3E13.5) 
241 CONTINUF 
DO 242 1=1.NI 
RFAD 725, AMUd), RMUd), CMUd) 
247 CONTINUF 
WPITF (NTO,243) WFAd). WFA{2) 
7L,-K FORMAT{»0»85X*WFAC*/41X»6AS MODEL*34XF6.2*{FPRIME)»/ 
1 1X»SPEC»6X»HF*10X»FLEJ»8X»FM0LWT*9X»AMU»10X»BMU»10X»CMU»5XF6.2. 
2»(THETA)».2X*CINF«) 
WRITE (NTO.245) ( SPN (I) ,HF (I) .FLEJ (I ) .FMOLWTd ) .AMUd ) .BMUd ) , 
1 CMUd) ,WFA(I+2) . CINFd). 1 = 1.NI) 
24S FOPMATdX.A5,6E13.5.F6.2.7XF13.5) 
DO 246 K»1.NR 
DO 7462 1=1.6 
ARd.K) = BLANK 
2462 CONTINUE 
DO 246 J = nNJ 
rALPH(K,J) = 0.0 
CBETA(K.J) =0.0 .. '-
?4f CONTINUF 
DO 760 K = 1,NR -
RFAD 25'i, (ARd,K).I = 1.6) .C0(K),CUR).C2(K).oe*lCltMtK,NO?«K» 
250 F0RMAT(6(A4.1X).2(Ein,0,?F5.0)) 
DO 760 J=1.NJ 
DO 260 L-1.3 __., _, L-_ --
LL = L + 3 
IF (SPN(J) .NE. AR(L.K)) GO TO 252 
CALPH(K.J) = CALPH(K.J) + 1.0 
252 CONTINUF 
IF (SDN(J) .NP. AP(LL,K)) 60 TO 260 
CBETA(K.J) = CBETA(K.J) +1»Q L_-. ...._, 
260 CONTINUE 
DO 264 <=1,NR 
<;i = O.'̂  
S2 = O.n 
DO 262 J-l.MJ 
51 = SI + CALPH(K.J) 
52 = S2 + CBETA(K.J) 
267 CONTINUE 
CSALPH(K) = SI - 1.0 
CSRFTA(K) = S2 - 1 .0 
764 CONTINUF 
WRITE (NTO.275) 















































































































































WRITE (NTO.277) (K,(AR(I,K),I"l,6).CO(K),C1(K).C2(K). 
1 D0(K),D1{K)•D2(K).CSALPH(K).CSBETA(K).K-l.NR) 
777 F0RMAT(1X,I2,1X,A4« »A4* •A4»«»A4» *A4* *A4.2(E12.3.2F10.2). 
1 2F10.2) 
WRITF (NT0.279) 
779 F0RMAT(«1«44X»ST0ICHI0METRIC COEF.») 
CALL PR7DSW ( CALPH. NR, NJ, 1) 
CALL PR2DSW ( CBETA, NR, NJ, 2) 
no 790 L=1,NL 
RFAD 295 , (Z(ItL)• I=1^NI) 
700 CONTINUE 
295 FORMAT(5X,15F5.2) 
CALL PR2DSW ( Z , NI, NL^ 3) 
DO 330 I=1^NI 
00 320 K=1.30 
IF (SPN(n .NF. HNAME(K) ) GO TO 320 
JFd) = K 
GO TO 330 
%pr roMTINUF 
WRITF (NTO.325) 






































































Subroutine KUTTAM is the subroutine which does the Runge-Kutta solution of the ordinary differential 
equation to find the radius of the body when the shape i s a hyperboloid. ,KUTTAM calls DERIV for the value 
of the derivative. 
- Y . J . 
DATA ( T O L « . » 8 0 1 ) 
XR » X I 
H " H O 
CONTINUE 
H - A M I N 1 ( H . X 2 - X R ) 
HK »_2»0 # _ a ^ 
H23 = HH / 3 . 0 
H13 = H23 / 2 . 0 ^,-. 
H16 » H13 / 2 . 0 
H12 = H / 2 . 0 
H32 = 3 . 0 * H12 
HIS a H y 8 . 0 — _ _ ,i...,.„,^, 
H38 = 3 . 0 • H IS 
XRl » XR + H - „ -
CALL liERIV (Y .FOO) 
Y T l • Y + H13 • FOO 
CALL DERIV ( Y T l , F31) 
Y T l » Y + H16 • FOO + H16 • F3J. _ . _ . 
CALL DERIV ( Y T l . F32 ) 
Y T l » Y + H18 • FOO • H38 • F32 
CALL DERIV ( Y T 1 . F 2 3 ) 
YTl - Y + H12*F00 - H32 • F32 + HH • F23 
CALL DERIV (YTl. F14) 
TM =0.0 . . 
!<J*i^<tn|iin<tilWn>l 






Y • YT2 
XR • XRl 
IF ( XRl 
RETURN 
END 
+ H16 » FOO + H23 • F23 • H16 • Fl4 
ABS(YT2 - YTl) / TOL 
AMAXl (TM.TRUNC) 
AMAXl (TM. .001) 
H • ((»?/TM)»».2 ) 
iGt.. 1*0) GO-TO Z _ „ ^ _..„ 












































































Subroutine M3DIFF computes the multloomponent Lewis-Semenov numbers and is called by THERMO if the input 
option requests calculated Lewis numbers. M3DIFF is called for each value of N (each point across the boundary 
layer). The variable DBB is needed at NI x NI points for each It and since the values at N = 1 are needed by 
subroutine BLC, the N loop in THERMO l8 done in reverse order to leave the proper values in core without in-
creasing the storage requirement. MCDIFF calls GAUSS3 to Invert the matrix. See equations (2) and (81+) 
through (86). 
Common variables computed are: 
DBB(J,K) - ib̂ ĵ  , eq. (2) 
FLEJ(I) - Le , eq. (2) 
SUPBOUTINF MCDIFF 
COMMON /I/ NI , NMAX . NM2 . 
NJ . NMl , NR 
COMMON /5/ CLIL(50.30), FPRIME(50) . THETA(90) 
COMMON /a/ FMOLWTOO) , FMBAR(50) . FMBARE • 
COMMON /26/ OBB(30.30) . FLEJ(30) . INOP 
COMMON /53/ AMD(435) • BMD(435) . CMD(439) . 
COMMON /68/ CON . N . SPB . 





DIMENSION CLI(30.3O) . FB(30.30) . FM(30»30) . 
DEL(30.30) 
FOUIVALENCF (CLl.FM ) . (DEL.FB ) 
DO ? I-l.NI 
DO 2 K-l.NI 
DELd.K) • 0.0 
JM - 1 
KK • 1 
TKLN • ALOG(TK) 
00 ?0 K-l.NIM 
JM • JM + 1 
00 10 I -JM.NI 
DBAR • FXP((AMD(KK)»TKLN + BMn(KX))«TKLN + CMO(KK)) 
00 " OBAR * 1.0764E-3 / SPB 
DFLd.K) • CON • DD 
DFL(*'.I) • DELd.K) 
KK • KK + 1 
CONTINUF 
CONTINUF 
DO 50 I-l.NI 
SUM • H, 
SUMl « 0. 
DO 40 K»1»NI 
IF (K .EO. I) GO TO 40 
Tl • CLIL(N.K) / FMOLWT(K) 
SUM • SUM + Tl 
SUMl « SUMl + Tl / DELd.K) 
CONTINUE 
FLFJd) • SUM / SUMl 
CONTINUF 
00 lOO K«1,NI 
DO 100 I-l.NI 
IF (I .EO. K) GO TO 80 
SUM = 0 . 
DO 70 L-l.Nl 
IF (L .EQ, I) GO TO 70 
SUM • SUM + CLIL(N.L) / (FMOLWT(L) • D E L d . D ) 
CONTINUE 






































































































&a TO iflo . -.. 
80 CONTINUE 
FMd.K) - 0.0 
100' CONTINUE 







IF (KER .EO. 2) 90 TO 190 
0» Xli Ill4>l 
fmLWTtti • r s t t t i i ./ fi<iOLWTtiti 
DO 116 K-lfllt 
CLId.lU " EBfl.m 
CONTINUE 
DO 130 K-l.Nl 
DO 130 1=1.NI 
..SUM »-0» ..--.-- , . _-.-.̂  
DO 170 L=1.NI 
SUM « SUM + CLId.L) • CLIL(N.L) 
CONTINUE 
DBBd.K) " FLEJd) - ( FMOLWT (I )»CLJ (I .K)/FMBAR ( N) 
1 + (1.0 - FMOLWTd)/FMOLWT(K)) # Wtii 
CONTINUE - .. 1 .. -. ..̂•..... 
GO TO 160 
CONTINUE 
WRITF (NTO.195) 
FORMAT("O MCDIFF FOUND THAT «*TRtX IS SINGULAR.*) 
STOP 



























































Subroutine MOMEQ con̂ iutes the coefficients and sets boundary values for the solution of the momentum 
equation (f'). For the initial profile calculation one may iterate inside MOMEQ. The calculation is done 
KMOM times if KOPT = 1, or if KOPT = 2 the calculation is repeated until CHECK s AMOM. CHECK is computed In 
WKHS. When a new f has been found CMJCV is called to compute new values of V. The coefficients are the a's 
described in equations (20a) through (20d). The boundary conditions are: 
A(l) = 9. 
B(l) = 1.0 
D(l) = 0.0 
eq. {k7&) 
BI(NMAX) = 1.0 
C(NMAX) - 0.0 
D(NMAX) - 1.0 
The appropriate weight factor la set . If body profiles are being calculated (IBS - 2),the previous value 
of FPRIME(N)J|̂  i s saved In FP(N) before calling WKHS to calculate the new FERIME(N) _^^. 
















































































10,50) . IBS 
10 CONTINUE 
MFLAO, -B ^ 
2 0 CONTINUE 
MFLAG = MFLAG + 1 






























































































































00 110 M»«.»«l ..L... 
OOFL - 1.0 / FL(N) 
EXE._.« FMBARF » THFTAINL^FMfiARJNl 
FPSO • FPRIME(N) • FPRlMF(N) 
FPSQB • FPSO • BETA 
ALPHKN) • (FLPR(N) - V(N)) • 
ALPH2(N) - -2.0 • OOFL • BETA 
GO TO (60.70) . IBRDYO 
rONTlNUE . 
ALPH3(N) " (FPSOB - BEBBINMAX) 
GO TO 80 
CONTINUE 
ALPH3{N) • (FPSOB - BEBB(N) • FTF) « OOFL 
CONTimjE 
GO TO ( l lOiaOJ . Ifi i 
CONTINUE 
CACL fffVT'H (̂ »WI''y. ortL .«._ 
CALL OCTVON (Ff»RlMf. S0«FP. 
OOFL 
» FPRIME(N) 
* FTF) * OOFL 
CF 
2. 








CF / FPRIME(N) 
CF 
• OOFL 





GO TO (140.120) 
CONTINUE 
DO 130 N=1.NMAX 
FP(N) • FPRIMF(N) 
CONTINUF 
CALL WKHS IFPRIME) 
CALL CALCV 
GO TO (190.180) . 
CONTINUE 
GO TO (160.170) . KOPT 
IF (MFLAG .LT. KMOM) GO TO 20 
GO TO lao ^ 























































































Subroutine PCH writes a tape in BCD for punching. The tape I s l og i ea l -unit 6 l . Cards ptmched m%' be 
used as input (part ia l ) for a succeeding rim. Ident i f ied by card name, the oaxds punched a r e : TITXM, LIMES, 
SEHA, DNS, CONTR, OPTN, SIZE, FESTR, WFACS, FERIM, THETA, CLIL and BODSP. 
PCH i s caaied by BLC i f : 1 . The input value IHJN > 0, and, 2 . the i n i t i a l p r o f i l e s are converged, or 
time i s about gone, or the maximum number of i t erat ions have been done on the i n i t i a l p r o f i l e s . 
SUBROUTINE PCH 






















































































































































































0) GO TO 270 
(DN(N).N-l^NMl) 
.7F10.7J 
IDRT, IPUN. IREAD. KOPE. KOPT. AMOM, 




RN, PS, DELTA, TKW 
3F10.8.F10.4) 



























































































































278 COHXimJZ - _ - _ ^ 
WRITE d P . 2 7 7 8 ) NDX, IPRTB. XMAX. ANGLC 
2778 FORMAT(*80DSP*2I5.2F10.6j 


















The FOLATE subroutine interpolates using Leigranglan interpolation to find Y as f(T). DPOLATE, second 
entry to the subroutine,calculates the slope of Y as f(T). 
A call to DPOLATE must be preceded by a call to FOLATE with the sane arguments. 
The arguments are: 




table of independent variable. 
table of dependent variable vs TTAB. 
value of Y corresponding to T, or for DPOLAKX, value 
of slope of Y. 
length of tables. 
In addltlOD.two variables fron cnrmnnn are used by FOLATE: 
rcYS 
ICHOSW 
0 - DPOLATE will not be called. 
jfo - signals FOLATE that DPOLATE will be called 
80 values that will be needed are calculated. 
-1 - search for the correct spot in the table to 
interpolate and set ICHGSW to 0. 
0 - check T and if it is the same as T in previous 
call, interpolate (no search). 
+1 - search for correct spot in table for Interpolation 
and leave ICHOSW • +1. 
The search for the eorrect location for Interpolation is done by dividing the table In half, determining 
the correct half, then dividing that portion In half and again determining the correct half, etc., until the 
nearest three points are located. The table should contain at least three points, (K * 3). If K - 2, linear 











SUB«OUTtli«! POLATE (T. TTAflt YTABt AM5. K) 
COMMON /14/ ICHGSW . IDYS 
DIMENSION TTABd). YTABd) 
DATA (Al-flHSMALLEST).(A2-7HLARSEST) 
ITYP-69 




IX • K 
IXl • IX 
IX? • IX 






GO TO 19 
(T - T T A B d X D ) 20.18.16 
(T .GT, TTABdX)) WRITE (61»98) 
1X1 
( !X2 ) a0i30t34 
- 1 
- 2 
) 94* 8. 4 
6.46.8 
10.12.14 




































































, - i F i t r ! E t ' ? n - J i 2 j S i » 2 « - . 
TM"IDEL/2*tL 























- G O - J t t - i i 
IM-IU 




.-P1=DP2*X1MJ • • ,.-. • 
P2=-DM1*DP1 
P3»DP2^DP1 . • . 
DO-T-TTABdM) 











GO TO 96 
ANS«DCMl^YTABdM-l)4-DCO^YTABdM)+0CPl^YTABdM+l) 
GO TO 96 
IF (T-TO) 4 8 . 4 0 . 4 8 
-IF d>TTABdMll 50.34.52 ,__. . . . 
lL-1 
lU-IM 
IF {T-TTAB(2)) 10.12.22 
IL=IM 
lU = IXl 
IF £ T-- TTABdXl^ -22iia«16 —. — 


















































FORMAT [•OWARtUtlG—-- -POLATE 
1A8.^ VALUE IN TABLE IS^E16«8) 


























































Subroutine PRECAL is the initializing subroutine and is called once per problem. One-time calculations 
are done here. CAIDNS is called to confute r\ and combinations of ^^^^ across the boundary layer. CCl is 
called to obtain some enthalpy values. EQfJIL may be called to compute c. and/or c^. For a shock layer 
e 
ceJ.culatlon HIRJNOT is called to compute the Initial edge conditions, PE, UE, RHOE and TKE. TOLATE is called 
to interpolate for the initial value of ri . PRTPRO is called to print the Initial profile. Other values 
printed by HlECAl are: SMALLE, DUEDX, HO, ETE and CTH. 





= In C0(J) 
= 1000. C1(J) 
= In D0(J) 
= 1000, Dl(j) 




































































































































































































































































































































rMHMii tmt* fAtm^l » »»1#*-' » IffTfff • « • " • • 
1 ClOO) . 00(30) » 52(30) 
MtC 
• MtC PREC 
COMMON /49/ CALPH(30»401.CBETA(10»40)»CSALPH(30) t CSBETA(30)tlO PREC 
COMMON /60/ IN2 i 102 
COMMON, ^iil SPI1(40) 
comon / •»/ cK • MtT« » imno » »ym^) 
rnMMQii / * 7 / irfl . fffs * tiH • »»• • 
COMMON /77/ FMBART . SS 
COMMOH /79/ RS(3M«TL30) 
COMMON /80/ JE{30) 
COMMON /AA/ CCP(50»30) t ENTM»(SQtSO)»ttMP<50) 1 tX 
DIMEN-SION TMTHODl • T.'iT(141 » tSR(14J 
DATA (TST «6H0 »6HN0+ t6HN2 »6H02 • 
1 6HC0 •6HC02 .6HN feHNO leHCl • 
2 6HEL i6HMl »6HM2 »6HM3 •6HM4 ) 
DATA (SORTS « 2.828427) 
DO 1 NK-liNKM 
OMW(NK ) • 1,0 - WFA{N|f) 
CONTINUE 
CTH = 1.0 
ICHGSW « -1 
R • 49686.0 
IF (IBRDYO .EO. 2) GO TO 106* 
iiF « VA (1) 
PE « PA(1) 
TE » TA(1) . , . 
TKF = TF / 1.8 
DO 1001 1*1.Nl 
CLIL(NMAX.n • CAd.I) 
rOKITTNlIF 
CONTINUE 
TW = TKW * 1.8 
TINF • TKINF • 1,8 
FPSAVE " O.P 
THSAVE "• 0.0 
RVB « 0»0 - _ _ 
<;PRT X 0,0 
IDYS = 0 
CALL POLATE (SPRT» XRN» TETE» ETE» NT.Pl 
ETESO = ETF * ETE 
DO 1O04 K«l,14 
T.-^pfK) = n ,",,., . . 
CONTINUE 
IF (CK .EQ, 0.0) GO TO 2008 
IF (CK ,NF, 1.0) GO TO 2004 
DNN = 1.0 / FLOAT(NMl) 
no 2002 N"1»NM1 
DN(Ml m ONN 
CONTINUE 
GO TO 2008 
CONTINUE 
0N(1) - (CK - 1.0) / (CIC«*NM1 - 1.0) 
DO 2006 N«2»NM1 




ICHOSW » -1 
no ? K»1.14 
an 7 J»ifMJ 
IF (Sf»t«(J) tKE* TSTtlC)) GO TO 2 
t • M i M t M 1 ,, , ,„ ,. - • 
CONTINUE 
10 • 1SB(H 
!N0«> • t-St(t1 
IH2 > tS»<M 
102 • I8fi(»l 
PREC 
PREC 
» RS PREC 
IN * PKec 
IMO pntc 





















































































































































ICO « tS»<54̂  — -
IC02 • ISR(6) 
IN " ISB(7) 
INO » ISB(8) 
ICl • ISB(9) 
lEL • ISB(IO) 
IMl • ISB(ll) 
IM? • ISB(12) 
IM3 • ISP(13) 
IM4 « ISB(14) 
00 4 J"1»NR 
C0(J) . ALOG(C0(J) ) 
D0(J) • ALOG(D0(J)) 
CK J) = CKJ) • 
ni(J) = DKJ) » 
CONTINUE 
DO 10 K-1,NI 
CSAVF(K) - 0,0 
00 If̂  I-liNI 
nRP(I.K) • 0,0 
CONTINUE 
no 30 I«1,NI 






IF ( GO IF ) 
roNTTNur 
GAMM1N(<,I ) 






FJ • FLOAT 
IF ( CINF(l) 
CALL EOUIL ( 
« 0.0 
• 0.0 
• CBETA(Ktl) - CALPHtK»I) 
12.20.14 
•• - GDIF 
GDIF 
GDIF 
GO TO 34 
(JBOD) 
+ CINF(2) .GT, 0.0 
TINF, PINF, 0 ) 
CINF COMPUTED IN EQUIL 
CONTINUF 
GO TO (40,60) t ICOMPO 
CONTINUF 
IF (IBRDYO .EQ. 2) GO TO 50 
IF (CLIL(NMAX,1) + CLIL(NMAX,2) ,GT, 0,0) GO TO 60 
CALL EQUIL (TE. PE. NMAX) 
CLIL AT EDGE COMPUTED IN 
GO TO 60 
CONTINUE 
DO 52 I»1.NI 
CLIL(NMAX»n « CINFd ) 
CONTINUE . _. -
CONTINUE 
DO 52 I"1»NI 
CEDGd ) - CLIL(NMAX,I) 
CONTINUE 
IF (CLIL(l.l) + CLIL(1.2) tGT. 0.0 ) GO TO 70 
CLIL(l.l) = ,2328 
CLIL(1.2) = .7672 
CONTINUF 
IRN«W • 1 
IF (NEOUIL ,E0. 1 .OR. IREAD .EQ* I ) IRNSW • 2 
no inO N«1,NMAX 
CSUM » 0,0 
no 90 I=1,NI 
GO TO ( 75. 80 ) . IRNSW 
CONTINUE 
CLIL(N.I) • CLIL(l.I) + (CLIL(NMAX.l) - CLIL<liIH • 
CONTINUE 
CSUM • CSUM + CLIL(N.n / FMOLWT(I) 
CONTINUF 
FMBARIN) • 1.0 / CSUM 











































































JO^ COHTfUOC PREC 190 
FMBARE • rM8AR{N«A)tl PREC 191 
CSUM • 0,0 PREC 192 
-HINF_. --JUa... . , .__ . PREC 193 
00 110 I-1,NI PREC 194 
HJ • CCKTKlNF.n • TINF + HFtl) ' PREC 195 
HINF • HINF + CINFd) » HJ PREC 196 
ENTAPYd.I) • CCKTKW. 1) # TW + HFd) PREC 197 
CSUM - CSUM + CINFd) / FMOLWT(l) PREC 198 
.110 CONTINUE _-,.._.__ . PREC 199 
FMBARI - 1.0 / CSUM PREC 200 
RHOINF • PINF • FMBARI / TINF / R PREC 201 
HO « VINF»»2 / 2.0 PREC 70? 
RHVINF • RHOINF • HO PREC 203 
HO • HO + HINF PREC 204 
- -TK1_ _ »._BHCLUlE--ft_\ilNF. - .. . . PREC 205 
GO TO ( 130, 140 ) t IBRDYO PREC 206 
130 CONTINUE ., PREC 207 
• DO 131 N-1»NMAX PREC 208 
BEBB(N) " 0.0 PREC 209 
131 CONTINUE PREC 210 
RHQE * PE •. FMBARE /-.J£_-/__Ŝ . . _ . _-^-_ _ PREC 211 
IF (IGEOM .LT, 0) GO TO 136 - PREC 212 
DUEDX • VA(2) / XA(2) PREC 213 
IF (PF ,E0, PA(6)) GO TO 134 PREC 214 
EBB » -RHOE * VA(6) • VA(6) • ,5 / (PF - PA{6)) PREC 215 
GO TO 136 PRFC 216 
134 CONTINUE .._. PPEC 217 
EBB • -1,0 PREC 218 
136 CONTINUF PREC 219 
60 TO 150 PREC 220 
140 CONTINUE PREC 221 
SS « (RN/RS) • ( 1.0 + tOELTA/RN) ) PREC 222 
CALL HUGNQT- (1) _ ̂  PREC 223 
C PE»UE.RHOE,TKE COMPUTED FOR SHOCK L. PREC 224 
Wft-- COWTINUg - - • PREC 225 
EPSI • RHSINF / RHOF PREC 226 
EP2 • -2..0 » EPSI PRFr ??7 
VEl = UE PREC 22B 
GO TO ( 170, 160 ) . IBRDYO PREC 229 
160 CONTINUE PREC 230 
.._— TE « TKE » 4.8 -- • ——..- - - -- PREC 231 
TS3 • 1,0 - 1,0/SS PREC 232 
TS2 « 1.0 - EPSI . . "• • PREC 233 
TSl « SS » TS2 + EPSI • PRFr 234 
TS4 • (1.0 + FJ ) • TSl • . -. _̂ _ PREC 235 
EOBL » l.n - EPSI • TS^ PREC 236 
EDBLTl «-T52 / EDBL»«2 . .^--^ — PREC 237 
EBB = l.n / (EP2 » EDPLTl) PREC 23<! 
DUEDX » VINF ».TS1 / PN PREC 239 
170 CONTINUE PREC 240 
IF ( IREAD ,E0. 1 ) GO TO 200 PREC 241 
ETAE = FTA(NMAX) PREC 24? 
--. --JTHW. « TKW / TKE ^^ — ^ _ - PREC 243 
OMTHW « 1,0 - THW PREC 244 
DO 190 N'l.NMAX PREC 245 
ETAR « ETA(N) / ETAE PREC 246 
THETA(N) » THW + OMTHW * ETAR • (2,0 - ETAR) PREC 247 
190 CONTINUE PREC 248 
200 CONXU!iU£. _ _. PREC 249 
WRITF (NTO, 205) PREC 250 
205 FQRMAT(»1»49X»INITIAL PROFILE*) PREC 251 
CALL PRTPRO PR̂ f̂  252 
IF ( IGEOM ) 210,22^,220 PREC 253 
210 CONTINUE PREC 254 
C -. -.- _..CONE PREC 255 
RFTA - 0,0 PRfC 256 
SMALLE • 0.0 PREC ?57 
nUEOX • 0,0 PRE"" 258 
CONS •2*0 PREC 259 
60 TO 230 PPEC 260 












WRITE (NTO,235) SMALLE. DUEDX. HOi ETE* CTH 
F0RMAT(»0»8X»SMALLE «»E12.5.6X*DUEDX «*E12.S«9X*H0 •»E12.5» 
18X*ETE "•E12.5.6X*CTH =»F12,5) 
'JF2TF = UF»*2 / TE 
1.0 + FJ 
1.0 / DEN 
BETA / DUEDX 
4,0 
BETA / EBB 
260 
+ CONS) SORTl = S0PT(4, • 
SORT? = SORTl / 2,0 
DO 240 I«1.NI 
FMOLWPd) • FMOLWTd) / R 
TMTHd) • FMOLWTd )»*, 25 
RSOMWTd) • 1,0 / SORT(FMOLWTflJ) 
CONTINUE 
00 ?50 K»1,N! 
DO 250 I-l.NI ., -̂  .. .- -. . 
CONTHd.K) • SORTS « SQRTd.O • FItOtWTd) 
TMTHAd.K) • TMTHd) / TMTH(K) 
CONTINUE 
no 260 N-l.NMAX 
PneMS(N) » OiC' 
DO 260 1=1,Nl 
WRAP (N,l) • 0,0 
WONF(N.I) • 0,0 
WTH(N.I) « 0,0 








































































Subroutine lETBL is a print subroutine called by BLC and prints the output for each profile. There Is 
one argument to HRTBL, IPSW. Its value (used for initial profiles only) is determined by BLC and may be: 
1 - initial profile converged 
2 - time is about gone 
3 - maximum iterations done on initial profile 
k - none of the above conditions exist, but have finished one profile. 
For an initial profile call and IPSW = k, the entire profile is printed if MFLAGO is an integer multiple of 
IPRT; otherwise, only one line is printed giving MFLAtK), Stanton number, skin friction and amount of time 
left. If IPSW ̂  U, an appropriate message is printed plus the entire profile. 























































GO TO (10,70) , ins 
CONTINUE 
IF ( ICOMPO 
GO TO (13.13 
CONTINUE 
,F0, 2 ) GO 
• NMAX , NM2 
, NMl , NR 
, ILF , MFLAGO 
, IBS 
, FMBAR(50) . FMBARE 
, FMDOT(30) . OCOND 
. FMOTH » QCONV 
, HF(50) . ODIFF 
. HXTFEB ..^j QTFTLB 
, HXTFER . OTOTAL 
. PARDOTOO) . RMFLUXOO) 




.13.11) . IPSW 
IF L MOD (MFLAGO.IPRT) -
WRITF (NTO.15) MFLAGO, 
FORMAT{6X»ITERATI0N*I4» 
1E13.5.6X»TIME LEFT »»F7 
RETURN 
CONTINUE 
WRITE (NTOilSS) MFLAGO 
.EO* 0) GO TD 13 . 
ST. SKFER . TLEFT 
15X»STANT0N NO, =*E13,5* 
.3* SFC») 
F0RMAT(»1»8X»PR0FILFS AFTER»I4» ITERATIONS.*) 
IF (ICOMPO , NF, 2) GO TO 14 
WRITE (NTO,187) 
F0RMAT(5OX*AT S«0,0*) 
GO TO 3 0 
CONTINUE 
GO TO d6,17 
CONTINUE 













































































































GO TO 30 • PRTB 48 
17 CONTINUE PRTB 49 
WRITE (NTO»205> PRT" 50 
205 F0RMAT(»+«48X»8(*-»)»*TIME ABOUT GONE* THIS IS LAST ITERATION** PRTR 51 
lfl(»_«)) , PRTR 5' 
GO TO 30 PRTR 5^ 
IP CONTINUE PR7P 54 
WRITE (NTO.225) PRT" 55 
225 F0RMAT(»+»4eX,8(».*)*MAXIMUM NUMBER OF ITERATIONS D0NE*»8{*.*)) PRTB 56 
GO TO SQ PRTB 57 
20 CONTINUE _ PRTB 58 
IF ( MOD ( M .IPRTB) .NE. 0) RETURN PRTB 59 
30 CONTINUE PRTR 60 
CALL PRTX PRTR 61 
WRITF (MTO,37) PRTP 67 
CALL PRTPRO PRTB 63 
WRITF (NTO.37) ' PRTB 64 
WRITE (NTO.33) PRTB 65 
33 FORMAT(»0»59X*ELECTRON*5X»TOTAL»/* N»3X*ETA#5X»Y/RN»9X*V*PX PRTP 66 
!• BETA/EBB»4X»0ENSITY*6X*DENSITY*3X»ENTHALPY*) PRTB 67 
WRITF (NTO.35) (N. ETA(N). YF(N). V(N).BEBB(N). RHO(N). EDENS(N)-» PRTB 68 
1 HE(N). N=1.NMAX) PRTB 69 
3«i FORMATt 1X.I2.F7,4.6F12.4) PRTR 70 
37 F0RMAT(*1») PRTB 71 
4" CONTIMUF PRTP 72 
WRITE (NTO.41) TLEFT. P V B , Q C O N D . HXTFFR, ODIFF. HXTFFB. OCONV, PRTB 73 
1 OISPTK. OTOTAL. FMOTH. OTFTLR. F L d ) . <:T, "^KFF" PRTB 74 
41 F O R M A T { » 0 * 2 1 X » T I M E LEFT =»F7,3» SEC»34X»RH0 V =»E13,5/ PRTB 75 
126X*0C0ND =*E13.5»?4X»HFAT TRANSFER =*E13.5/26X«nDIFF =*F13.5. PRTB 75 
218X»HEAT TRANSFER. RODY <!»E13.5/26X#0C0NV «*E13,5.12X»DISPLACEMENTPRTB 77 
3 THICKNESS/RN »*E13.5/25X*QTOTAL =»E13.5.19X»M0MENTUM THICKNESS =»PRTB 78 
4E13.5/ 1 2 X » 0 T 0 T A L ( R T U / F T 2 - S E C ) «»E13.5.2SX»L AT RODY =*E13.5/ PRTB 7̂ ) 
517X»STANTON NUMRER =*E13.5.24X»SKIN FRICTION =«E13.5) PRTS 80 
GO TO (60.50) , IBS • PRTR 81 
5*̂  CONTINUE PRTR 82 
WRITE (NTO.55) RSUM, DRAGT2t "ES. nRAGP2. CFINF, nRAG2 PRTR 83 
55 FORMAT(??X.llHRS»»d+J) =.En,5.?6X#T DRAG COEF =»F13,5/ PRTR 84 
IISX^UEYNOLDS NUMBER «»E13.5.26X»P DRAG COEF =»E13,5/ PRTB 85 
?2'iX*CF-INF =*F13,5,?7X«TOTAL DRAG =*Pn,5/*0») PRTR 86 
WRITF (NTO.57) PRTR- 87 
57 F0PMAT(?8X*T0TAL») PRTR 8" 
GO TO 70 PRTR fio 
6" CONTINUE PRTB oo 
WPITE (NTO.65) PRTB 91 
65 F0eMAT(»''#) PRTR 92 
70 CONTINUE PRT° 93 
G" T^ (80,90) , ins PPTP 94 
"O CONTINUE PRTB 95 
MPirr tNTn.8'') PRTR 96 
a-' F0RMAT(29X*SPFCIF'^ I'lALL MAS'; FLUX*) PRTR 97 
I'iRITE (NT0.85) (?PM(I). RMFLMXd). I»1,NI) PRTR 98 
85 FORMAT(31X»A6.E13.5) . PRTR 99 
PFTIION PRT" 100 
'>'"' CONTINUE PRTP 10) 
WRITF (NTO,03) PPTB 102 
93 FORMAT(29X»SPECIES WALL MASS FLUX MASS FLOW FLOW(PAR/SFC)*)PRTB 103 
WRITE (NTO.95) (SPN(I) . RMFLUX(I). FMDOTd). PARDOT(1).1 = 1,NI) PRTB 104 
95 F0RMATO1X.A6.3E15.5) PRTB 105 
RETURN PRTB 106 












COMMOK-^17—NI- . . ^.NMAX » NM* . .. -
1 NJ » NMl , NR 
COMMON-/ja/:--onio.-M4—»-PAd 10)- . VA(no) 




11. » MINOL (NU6). 
WRITE (NTO,5) 
FORMAT(•0*50X*EDGE TABLES*) 
WRITE (NTO,15) (9PHd).I"l»lL) 
FORMAT (»0»74»»ftt«>ppCTF^)»/71f»XA»0y#PA*9X*VA»gX»TA*^X,fe( 6XAiJ J 
00 30 ND-1,NED 
WRITE (NTO,25) NO»XA(ND),PA(NO),VA(ND)»TA(NO)»(CA(ND•I) • 1«1 l lL ) 
F0RMATdX,12,10E11.4) 
CONTINUE . . . . ..- . 
CONTINUE 
-IE—( 14 ^ E Q . N I ) GO T O - 5 0 . . .—.-^-
IS « IL + 1 
IL • IS + 9 . ; . . . . 
IL « MINO ( N I . I L ) 
WRITE (NTO,3i5) ( S P N d ) . I - I S t IL) -
FORMAT(•0*48X*CA(SPEC I E ) * / I X » 1 0 t 6 X A 5 ) » 
_ - a a ACLJiQiiANED ., • ^-.. ^ 
WRITE (NTO,25) ND. (CA(ND,I)»I-IStIL) 
CONTINUE 
GO TO 32 
CONTINUfe 
WRITE (NTO»55) 
E0RMAIIiQ*15XMQ.T£_-~*!X.*XAj--PAx TA ANp VA-ARE .CHAHfiML. 
IINE INPB00*//39X18HXA(K) = XAtK) * RN/ 
2 39X30HPAIK) « PA(K) » NORM SH PRESS,/ 
3 39X28HVA(K) = VA(K) • NORM SH VEL,/ 





































„ PEDG 37 , 




COMMON /I/ NI , NMAX 
NJ . NMl 
COMMON /5/ CLIL(50.30), FPRIMF(90) 
COMMON /41/ ETA(50) 




Subroutine PRTPRO prints the profiles as follows: N. ETA(N), FPRIME(N), THETA(N) •ind C(N,l) (for each 
species) for each point across the boxmdary layer, where N = 1 to UMAX, PRTHRO Is called by INPUT, HiECAL 
and PRTBL, 
NTO 
NE = MINO ( N I . 8 ) 
'•'RITF ( N T O , 1 5 ) ( S P N d ) . I = 1»NF) 
15 FORMAT(»0 N*3X*FTA*5X#FPPIMC*6X*THFTA » 8 ( 7 X . A 5 ) ) 
0 " 3^̂  N»l.MM/sx 
WRITF (NTO,25) N. ETA(N), FPRIME(N), THETA(N). (CLIL(N»I)#1•!.NE) 
75 F'^P'1AT{1X,I?,F7,4,]AF1?,4) 
•̂ 0 CONTINUE 
'2 CO^'TIMUF 
IF (NE ,F0. NI) GO TO 50 
'̂S = NE + 1 
NF = NS + 9 
MF - MJMO (NF,NI) 
WPITF (NTO.35) ( « P N d ) ,I=N5.MF) 
35 roRMAT(»0 N*?X»FTA»6X,10(A5.7X)) 
DO 41̂  Msl.wMAX 
WRITP (NTO.25) N, ETA ( N ) , (CLIL(N,I)•I"NS»NE) 
40 CONTINUE 































































Subroutine H?2DSW is a specialized print subroutine used to print the stoiehloBwtrlc coefficients and 
third body efficiencies (aJJ. 2-dimensional arrays), 
H<2iair bts k arguasnts; in order they are: 
A - nana of arrqr to k« 
HCOL - lit diBenslon 
NROW - 2nd dimension 
ID 
HtZDBW la ca l l ed by IHHJT, 
Indieetea variable feeing grlnted 
1 - CALPH 
2 - CBETA 











OIMFNSION -A4-»0»-l) _ , - I R P O « ) -
DATA ( I R P « 1 . 2 . 3 . 4 , 5 . 6 . 7 » R , 9 , 1 0 , 1 1 , 1 2 , 1 3 , 1 4 » 1 5 » X 6 « 1 7 . 1 8 . 
1 1 9 , 2 0 , 2 1 , 2 2 . 2 3 , ? 4 . 2 5 , 2 6 , 2 7 , 2 8 , 2 9 , 3 0 ) 
GO TO ( 1 0 , 2 0 , 3 0 ) , ID 
10 . CONTINUE 
WRITE (NTO.15) 
15 FOJ^MATl»0»42X*-fORWARnL-:^_CALP.HlNR-.>IJ)*) _ _ . 
GO TO 50 
20 CONTINUE 
WRITF (NTO, 25) 
25 FORMAT(»0»42X»aACKWARD - CBETA(NR»NJt»> 
GO TO 50 
30 CQNUNUE- .. „ - .. 
WRITE (NTO,35) 
35- FORMAT(*0*34X»THIRD BODY EFPECIENCIES - Z(NIlNL»*) 
GO TO 80 
50 CONTINUE 
IPL » 0 
50 _-- CONTIMUE _ 
IRF « IFL + 1 
IRL •> IRF + 14 
IRL • MINO (IRLtNCOL) 
WRITE (NTO,65) (IRP(IR),IR»IRF|1PL1 
65 FClRMAT(*0 NJ/NR »15d2,5Xy) 
DO. 70 NC--1 .Ĵ ROVL_ _ - _ 
WRITE (NTO,67) SPN(NC), (AdR.NOt IR«1RF.1RL) 
67 . F0RMAT(1X,A5,15F7,2) 
70 CONTINUE 
IF (IRL .LT. NCOL) GO TO 60 . 




IRL - 0 
CONTINUE 
IRF » IRL 
IRL « IRF 
PttHT 2 TfBLf 
+ 1 - - - • 
+ 11 
.liU_»._MINO_lIRLjNCQU 
WRITE (NTO,95) (IRPdR)* IR«IRF«IRL) 
FORMAT(*0 NL/NI •12(12,8X)) 
00 100 NC«1,NR0W 
L • NI + NC 
WHITE (NT0*«7» iWKLJ* (AtH«»l«Cl» I M I W t m t J 




































































































100 CONTINUF PPSW 50 
IF (IRL ,LT. NCOL) 60 TO 90 PPSW 51 
110 CONTINUE ''"Ŝ ' 52 
RETURN PPSW 53 
END PRSW 54 
281 
PRTX 
fhtaroutlne PRTX la oallad vhan ttm Taluaa of X (a«« IqnaiMMt 108) are to be pgrinted. 
~-^w T a „ • _ ^^-^ I I I 1.11 
COMMON 71/-. NI » NMAX „ ' i NM2 
1 NJ , NMl • » NR 
COMMON /41/ ETA(50) 
COMMON /85/ X(50»30) 
WRITE (NTO.5) 
5 FORMAT(»0*55X*X(K)*) - . 
K2 « 0 
10 CONTINUE -• 
Kl - K2 + 1 
K5 -= Kl .*-.9 _.__ : _ . 
K2 = MIN0(K2,NR) 
WRITE (NTO,1.5) (K,K«K1,K2) 
15 FORMAT(»0 N*3X*FTA*6X,10(12.lOX)) 
DO 20 N-l.NMAX 
WRITE (NT0.17) N. ETA(N), (X(N.K).K"K1HC2» 
17 - FORMAT dX,I^.J7«4«10E12t4-) , 
70 CONTINUE 



















































Subroutine QPR coniputes the values of Q., P. and RVB where i = 1, NI. These values are used in the 
calculation of the boundary condition at the wall and are a function of IWC (wall condition switch). IWC 
may have any value from 1 to 11. If IWC = 2 , P., Q. and RVB are all set to 0.0, but this is not necessary 
because this case is not solved in terms of P. and Q. but is handled differently in the program. 
IWC = 1, non catalytic wall, see equation (49), 
IWC = 3, fully cataJytio dissociation wall, see equation (52) 
IWC = h, fully catalytic recombination wall with species NO non-
catalytic, see equation (51). 
IWC = 5, mass transfer of ablation products, see equation (58). 
IWC = 6, oxidation of graphite, see equation {^k). 
IWC = 7, oxidation of metals, see equation (56). 
IWC = 8, vaporization of surface carbon, see equation (60). 
IWC = 9, mass transfer of ablation products with oxidation of 
graphite. IWC = 5 + IWC = 6. 
IWC =10, oxidation of graphite with vaporization of surface carbon, 
IWC = 6. + IWC - 8. 
IWC =11, oxidation of metals with vaporization of surface carbon, 
IWC = 7 + IWC = 8. 
Rote: For IWC = 6, 7, 9, 10 or 11, two input values are required; EO and EOS. See UJPUT write-up. For 
IWC = 8, 10 or 11, an additional table is required. CCOE(l), condensation coefficient of 1 is set by 
a data statement in QPR. CSV(l), mass fraction of i corresponding to the equilibrium vapor pressure, 
is calculated. Where I for these two arrays Is 1, 2, 3 f°r species CI, C2 and C3, It mist be used 



















































































. fHOISO) . R 
. TKE . UE 
.TINF , VIN 
. TKINF , 
. TKW 
, XRn(?0) 
.CBETA(30»40).CSALPH(?0) • CSBETA(30)»10 
102 
EI02 . IWC 
IC02 . IMl 
lEL . 1M2 
0(30) 
. IM3 I IN . 
. IM4 . INO 
CC0E(3) . CSVO) . PT(30) 
(CCOF « ,24. .5 . ,023) 










































































OTR • RSOMWTdO) 
OTR • RSQMWTdN) 
OTR • RSQMWT(INOP) 
CLILd.INOP) * OdNOP) 
-CLILd.IO) » OdO) - PTR 
PTR -CLUJI.IN.1 QdN) 
EI02 .GT, 0,0) 60 TO 58 
»V8 • 0,0 
00 10 lal»)l!... '.- .......... 
Pil) • 0,0 
QU4-a_a*0 _ 
CONTINUE 
GO TO (140.140.2Qi20»50»20i20»BOt20i20»20' 
CONTINUE 
OTR » -RHOd) * SQRT(7907.7725 » TW) 
GO TO (140,140.30,40,50,56,56»«0»56»56»56) 
CONTJJiUE—.- -
OdO?) « OTR * RSOMWTdO?) 
Q(IN2) • OTR * RSQMWTdN?) 
PdO) - -CLILd.IO?) • 0(102) 
PdN) • -CLILd.IN?) * 0( IN2) 








GO TO 140 
CONTINUE 
lov; « 0 
ICHGSW « 1 
CALL POLATE (SPPT, XPN. RVPT» RVP» NTP) 
DO 5i 1«1JNI 
CALL E0U2 (CYPR, I) 
.jtxxi-^^ aces^Jt-KUP _ 
CONTINUE 
IF (IWC .FQ, 9) GO TO 92 
GO TO 120 
CONTINUE 
IF (Flo .GT. 0.0 ,ANO. 
WRIT£ INT0..57) 
FORMAT(»0 SUBR, OPR FINDS THAT ONE OR BOTH E-SUP-I INPUTS WERE 
1. OR .EQ, 0, SO CANT DO IWC»6.7,9,10.11,*' 
STOP 
CONTINUE 
GO TO (140,140,140,140,140,60.70,80,90.100,110) 
. CONTINUE 
0(10) • FMOLWTdO) • FIO * OTR • RSOMWTdO) * 
0(102) • FMOLWT(I02)*EI02 * OTR* RSQMWT(I02) * 
PdCO) • -FMOLWTdCO)/ FMOLWTdO) * (0(102) 
1 + OdOl 
IF (IWC .FO. 9) GO TO Of 
IF-iIJi(C .EQ» 10) GO TO 102 -.,_„.._ 
GO TO l?o 
CONTINUE 
OdO) - FIO * OTR • RSOMWTdO) 
0(102) • EI02 * OTR * RS0MWT(I02) 
IF (IWC .FO. 11) GO TO 112 
. GO TO IZO- - . 
CONTINUE 
PARTI « 1,0 / SQRT(3.1218633E5 • TW) 
00 8? I«1,NI 
IF (I .EO. ICl) GO TO 84 
CONTINUF 
. WRI.TE CNIO.B5) 




J • I 
CSV(l) « 2*3A.387 E12 • EXP(-a5334. / TKW) 
CSV(?) • 2.94848 F14 * EXP(-99738. / TKW) 
CSV(3) • 3.27891 E20 • EXP(-97597. / TKW) 
DO 86 K«l,3 
PARTI • CCOE(X) • R80MWT(J) • PARTl 
P(J) • PARTI • CSV<K) 
-ftiJi a. « PABH-* J»E • FMBARd) * CPH 
, IWC 
RMWr 
,5 • RMWC 
CLIL(1»I02) 
CLIL(1,I0)) 




































































































































































J » J + 1 
CONTINUE 
IF (IWC ,FQ. 10) GO TO 106 
IF (IWC .EO. 11) GO TO 116 
00 TO 12" 
CONTINUE 
GO TO 5 0 
CONTINUE 
00 R4 1=1,NI 
P T d ) •= 0(1) 
CONTINUF 
GO TO 6" 
COMTINUF 
no 9« 1-1,NI 
P(U ' P(n + P T d ) 
CONTINUE 
GO TO 120 
CONTINUF 
r,n TO 50 
CONTINUE 
00 104 1=1.NI 
nT( I) = P( I) 
0T( I) = '̂( I) 
COMTIMUF 
CO TO 80 
CONTINUE 
nri lOP 1 = 1,MI 
P d ) = P d ) + PTd) 
"(I ) >• 0(1) + O T d ) 
COMTINUF 
GO TO 120 
CONTINUE 
GO TO 71̂  
rOMTINUF 
O^ 114 1=1 .NI 
OT(I) = 0(1) 
rONTIMlJF 
GO TO po 
rOMTTNUP 
DO 118 1=1,NI 
nil) ' O d ) + (^Td) 
CONTINUE 
CONTINUF 
DO 130 1=1,NI 









































































































Subroutine SETOT sets the following Bl^tdMS depending on tlw laput pptions and seta 19 the Hollerith 








1 boundary layer 
2 shock layer 
1 cone 
2 sharp arbitrary axisymmetric body 
3 sphere cone 
k blunt arbitrary axisymmetric body 
5 hyperboloid 
JBOD "> 1 
10 
6 flat plate 
7 sharp arbitrary 2-D body 
8 blunt wedge 
9 blunt arbitrary 2-D body 
10 hyperbola 
JBOD ».0 
IGEOM -1 vhen IG = 1, 2, 6 or 7 
0 when IG = 3, h, 5, 8, 9 or 10 
ICOMPO 
1 iterate initial profile 
2 calculate initial profile once 
ILE 
1 compute Lewis numbers 
2 use constant Lewis nuaibtars 










I^IOIE . . ILE » 
ICOMPO 
IGEOM , JBOD 
IBRDYO , , V(50) 
-jyOXJL3tLX— 
CK , DELTA . 
IRB .... , XRB(50) 
IG 
CHKd4) , H0Ld9) 
DAIA tBLNK .»-lH )-.. -
DATA (CHK 
. . . V , 1 
• 2 
........3 .. .•,..-.- ., 
•8HEQUILIBR. BHNON-FROZ. 
8HCAL LEWI. SHCONE • 
iHFLAT PLA* 8HBLUNT WE. 
8H«UJflT AX. BHSHARP AXl 
MFLAGO t NEOUIL 
IREAD » 0PTN(6) • RS 
eHBOUNDARY, 8HINITIAL . 
BHSPHERE C* BHHPERBOID. 








































DATA (HOL •8HHYPERB0L. 8HA 
1 8HLIBRUM , 8HEN 
7 SH LAYFR , 8HYER 
3 8HCULATI0N. SHONE 
4 8H . 8H 
on ir <=1,^ 
f̂o 10 J = l,6 
T'^T(K,j) = BLNK 
rONTINIir 
TOTd.l) = OPTW(l) 
1=̂  (OPTNd) ,ME, CHK(l)) GO TO 20 
NFOniL = 1 
T0T(7,1) = HOL(4) 
GO TO 30 
COMTINUP 













Icr;o7F = 1 
T0T(7,2) = H0L(5) 
00 TO 5 0 
C^MTIMIIC 
IFD07F = 7 







IRPOYO = 1 
T0T(7,3) = 
00 TO 7^ 
OOK'TINUF 










GO TO 60 
HOLdO) 






















IG = 1 
GO TO 190 
CONTINUE 
IF (0PTN(5) »NE 
SHARP AOBITRAPY 
IG = 2 
T0T(?,5) « HOI (16) 
GO TO 190 
CONTINUE 
IF (0PTN(5) .NE. CHK(7)) 
SPHERE CONF 
IG = 3 
TOT(7.5) = H0L(14) 
00 TO 200 
CONTINUE 
IF (0PTN(5) .NE. CHK(13)) 60 
BLUNT ARBITRARY AXISYMMETRIC 
IG « 4 
60 TO 100 












, 8HIUM . 
. 6HDGE » 
, PHPPOFILE , 









































































































































































.̂ N?. rHitJallijail *i 140 
HYPERBOLOID ••̂ -- . 
IG - 5 
TOT(1,5) -
TOT(2.5) • 
GO TO 200 
CONTINUE-. 
JBOD « 0 
IF (0PTN(5 
FLAT PLATE 
IG = 6 
T0T(2.5) -
GO JO 190 
CONTINUE 
IF (0PTN(5 
HOLd) ' ' ' 
H0L(3) .-....•...- - . .. 
/ • • 
.NE. CHK<9)) 68 fO 190 
, 
H0L(7) 
.NE. CHK(12)) GO TO 160 
SHARP ARBITRARY 2'-D BODY 
IG = 7 
TOT(2.5) « 
GO TO 190 
CONTINUE 
t-l/M i ^ i \ 
nOL\Xo) 
IF {OPT»U»i-<*£* CMiaifi)) 00. W tut 
BLUNT WEW5! 
IS - 8 
TOT(2»5) « 




• NE. CHKdD) &IS^M %M . ..-
BLUNT ARBITRARY 2-D BODY 
IG = 9 
TOT(2.5) = 





IG = 10 
GO TO 200 
CONTINUE 
IGEOM = -1 
GO TO 210 
CONTINUE 
















.EQ. 1) GO TO 220 






















*T rTrt lift 





































F(Ti)dTi, where dn need not be cons tant , using Simpson's r u l e , 
u 





- ar ray t o be i n t e g r a t e d 
r-n 
- to ta l integral, r| I 
- partial integral at each point across the boundary layer times r]^ 
... /I - compute TI 
- switch ^2 _ ocajpute Si; 1st value of SI should be set by calling routine. 
For n " 2, UMAX - 1 
/n-i''' - -^ r-^ I ^̂n - %-i J *'" r ^ J • '-^ K^'\ ' ̂-1> 
For the last point, N = UMAX 
•'N-1 
FdT) + F, 4= ^\-l^\. nTi^^vT^^. :?] 






























DIMFNSION F(l) , S K I ) 
IF dSWT ,F0. 1) TI • 0,0 
DO 50 N»2»NMAX 
IF (N ,E0, NMAX) GO TO 10 
DELA • DN06(N-1)*(F(N-1)»((3,0»DN(N)+2.0*DN(N-1)) / 
1 + F(N) • (3.0+ DN(N-l) / DN(N) ) 
2 - F(N + 1 ) * (DN(N-l) * ONTRKN)) ) 
GO TO 20 
CONTINUE 
DELA • DN06(NM1)*(F(NMAX)*((3.0»0N(NM2)+2.0*DN(NMii ) / 
CONTINUE 
GO TO (30, 40) I 
CONTINUE 
TI • TI + DELA 
GO TO 50 
CONTINUF 
SI(N) - SI(N-l) 
CONTINUE 
GO TO (60,70) , 







(3.0 •• DN 
(DN(NMl) 
;NM1) / DN(NM2)) 
* 0NTR3(NM1))) 










































































• Subroutine SraND s e t s t he boundary values for the so lu t ion of the species equat ion. SPBNIl has one 







;^PtR(HitTNf < n w d t 
COMMON /I/ NI , NMAX . 
1 NJ • NMl , 
COMMON tkl FL150) , IBS ,. 
COMMON /?/ CLIL(5O,30), FPRIMFHO) . 
roMMON /9/ IGFî M , -JPOD 
COMMON /ll/ DEN2(50) , ETE . 
COMMON /15/ FLAPL , RBI . 
COMMON /23/ BLBAR(50»30),FMUB , 
COMMON /29/ RVB 
COMMON /26/ DBB(30,30) . FLEJ(30) . 
xoMMON -U%J rFnciao) 
COMMON /44/ DN06(50) . DNTR1(50) . 
COMMON /45/ RON , RRDN 
COMMON /58/ A(50) , B(50) , 
COMMON /60/ IN2 . 102 
COMMON /66/ EIO , EI02 . 
XOMMON /70/ P.<30) . Qt30) --
B(NMAX) = 1,0 
C(NMAX) " 0,0 
D(NMAX) - CEDGd) 
IF (IWC ,NE. 2 ) GO TO 10 
Ad ) • 0-0 
Bd) - 1,0 
Dd) • CLIL(1,I) 
GO TO 50 
CONTINUE 
GO TO (20,40) , IBS 
CONTINUE 
IF (IGEOM .GE. 0) GO TO 30 
WB B 0.0 
GO TO 50 
CONTINUE 
WB = PRFL * VONE 
-iSa TO 50 
CONTINUE 
WB * PRFL * TXIJT 
CONTINUE 
DTRM - ETE • DP6N(2) / FLEJd) 













- - .•• - • • 
Bd) • RON t (2.0 + RDN + DTRM • Kft * (RVB - OdjJL 












































































































Subroutine SPECEO computes the coefficients, calls SPEND for the boundary values and calls WKHS for the 
new values of c.. For the initial profile calculation one may iterate Inside SPECEQ. The calculation is 
done KSPE times if KOPT = 1 or the calculation is repeated until CHECK ̂  ASPE if KOPT = 2. CHECK is computed 
in WKHS. The a's computed are described in equations (201) through (201). If a body profile is being calcu-
lated, the old c.'s axe saved in CL(N,I) before new ones are computed. WBAB(N,l) is recomputed here to make 
use of the newest c.'s. 



































































































50) . NEOUIL 




(TW. PE. 1) 
(70,80) 1 IBS 
CONTINUE 


















. NMAX , 
, NMl . 
. ILF . 
, IBS 
, FPPIME(50) . 
. FP(50) . 
, FMBAR(50) . 
, RHOINF . 
. PF . 
. PINF . 
. CTH 
. 0MW(32) . 
. V(50) 
, ASPE . 
, KFNF 
. ALPH4(50) . 
, CHFCK . 
. 10? 
. FIO? . 
, PRPR(90,30). 
50 
V(N) ) » BPOFN 
-SMALLE * WONE(Nil) » BRDEN 



















(SMALLE » WZERO(N.I) + BLBAPR(Nin) » 





















. R SPEC 
SPEC 







































































































ALPH2(N) • ALPH2(N) / CTH 
ALPH4(N) « -FPRIME(N) * BBDEN 
110 CONTINUF 
WFAC » WFA(I+2) 
OMWF • 0MW(I+2) 
-_. CALL. SPBND ( U . •- • •• •i'-. ,.-̂  , 
CALL WKHS (CLILd.l) ) 
120 CONTINUE 
DO 140 N=1.NMAX 
CSUM « 0.0 
DO 130 1 = 1,NI 
CSUM. « CSUM + CLILlN.I) ^.. 
130 CONTINUE 
CLIL(N,2) « 1,0 + CLIL(N,2) •>. CSUM 
140 CONTINUF 
GO TO (150,220) , IBS 
lî O CONTINUF 
GO TO (160,170) , KOPT __: 
16n CONTINUE 
IF (MFLAG .LT, KSPE) GO TO 70 
GO TO 720 
170 CONTINUE 
IF ( CHECK .GT, ASPF) GO TO 70 
GO TO 22 0 - . _ 
700 CONTINUE 
DO 210 N=1,NMAX 
CALL EOUIL (THETAfHl * tflt P^t Hi 
210 CONTINUE .-....• 
RHOF = RHO(NMAX) 
GO TO 240 , - . 
720 CONTINUF 
DO 730 1=1.NI 
DO 230 N=1,NMAX 
WBAR(N,I) « SMALLE* <V<ZERO{N»I) - WONEINiIJ 
230 CONTINUE 
























































































Subroutine STOI comEiutes the atolelilaaetclc,relations. STOI i s called by CHEaiBEi and has four argcmients, 
a l l of which are arrays. r 
Forward 
CAS - CALFH 
CSAS - CSALPH 
STIW - FORK 






The first 3 arguments are Input to STOI and the l u t one i s tlw itolohiaaMtrlo V«1\M being congputeA. 
SUflROUTiNf STOI ( CAS, CSAS. STIN. STOUT) 
COMMON / I / NI . NMAX . NM2 
1 NJ . NMl . NR 
COMMON / 5 1 / GAMMA(40) , RHOBAR 
• NTO 
DIMFNSION 
1 CAS( 30.1) . CSASd). STIN(l) . STOUTdl 
DO 50 K«1.NR 
FLP • l.f̂  
DO 30 J»1,NJ 
IF (CAS(K.J) .EQ. 0,0 .AND. GAMMA(J) ,EQ, 0.0) GO TO 30 
IF (GAMMA(J) .EQ. 0,0) GO TO 40 
FLP • GAMMA(J)**CAS(K,J) * FLP 
30 CONTINUE 
STOUT(K) • STIN(K) * (RHOBAR**CSAS(K)) • FLP 
GO TO SO 
40 CONTINUF 
STOUT(K) • 0.0 

















































Subroutine !]SERNO c c a ^ t e s the thermal proi jer t ies and has one argument: 
•.1, compute RMUREF only. 
IBSW 0, compute values needed for initial profile only. 
1, compute values needed for body profiles. 
MCDIFF is called by THEHMO if Lewis numbers are to be computed, HUGNOT is called by TH0MO for a k̂oclc layer 
solution. 



























C P B A R ( N ) , see NOMEHCLATUEE 
FFMU, see equation (82a) 
FFK(N), see equation (82b) 
RMUREF 
E N T A P Y ( N , I ) , see equation (8la) 
WBAB(N,l) = (V - b ; ) c; . b .C. . b . \ , I \ i ' 1 1 1 1 
F L ( N ) , see NOMENCLATURE 
FLPR(N), see equation (17) 
VS - - [(l+d)rs(l.e) + eTj for shock layer. 









See equation (82) 
See equation (83) 
294 






























































IF ( IB.SW ,0F 
ISW • •) 
N • NMAX 





IBSW = -1 
IBSW = 0 
IP.SW = 1 
•WBAR(50.30). WONE(50,3O)« 
NI . NMAX . 
NJ . NMl . 
M 
IFROZE . ILF . 
FL(50) , IBS 
CLIL(50,30). FPRIME(50) , 
FMOLWTOO) . FMBAR(50) » 
RN , TANCO 
RHOE . RHOINF . 
HINF . PE . 
HF(30) . PINF . 
ANGLC , FJ , 
DUEDX , PII . 
BLBAR(50,30).FMUB . 
DBB(30.30) , FLEJOO) . 
CPBAR(50) , FFMU . 
FNTAPY(50»3O) 
IPRTP 
IRPDYO , V(50) 
FORLTl . EDRLT? . 
BL1L(!0) . CBAR(50) . 
DLIL(5") 
AMUOO) . BMU(30) . 
CON . N . 
CONTH(30.30).FMOLWROOl . 




CP(!0.30) . FK(30) . 
DCnFTA(50.'*0) . FMU(30), 
, 0) GO TO 2 








TK . THFTA(N) • TKE 
TLN • VLOG(TK) 





CO TO ?n 
10 CONTINUE 
• 8 
TLM - ALOG(TKF) 
2" CONTINUF 
FFMU • 











































• CLIL(N,I) * FMB / FMOLWTd) 
.ISW 
• CC2( TK. I) 
« CPDUM 
• CPBARD + CLlL(N,n • CPDUM 
« ccuTK. n 


















































































































































































F M u m « 
SORTMU(t) < 
60 TO (60»70) 
CONT-mUE-. _ - - -
FK( I ) • (CPDUM * FMOLWR(I) • 1-.25) • FMUtI) / FMOLWT(I) 
CONTINUE . ._ , ' 
DO 80 J1-1«NI 
DO 80 J2«1.N1 . . ,. . 
TMl - 1.0 + SQRTMU(J1)/SQRTMU(J2) • TMTHA»J2»iU 
PHUJ1.J21 - JMl».»i.^CQNUaLJliJ.2.) 
CONTINUF 
DO 110 J1«1»NI 
S3 = 0 . 0 
DO 90 J 2 - 1 . N I 
S3 = S3 + XTH(J2) » PHl(JliJ2) 
CONTINUE , _ _ __^„. ;....-
FFMU « FFMU + XTH(Jl) » FMU(Jl) / 53 . . 
GO TO (100.110) • ISW 
CONTINUE 
FFK(N) e FFK(N) + XTH(Jl) 
CONTINUF 
FFMU •> FFMU • .00208855 
GO TO (120,140), ISW 
CONTINUE 
IF (N .NF. 1) GO TO 12? 





RHO(M) » FFMIJ / RMUREF 
FL(M) » CPBARD / "RfM) 








• F K i J i ) / sa 
103.873424 
FFMU / FFK(N) 
142.141»1K0 
.EO, 1) GO TO 150 
144. 






IF (N .GF 
N = N + a 






RMUREF « FFMU • RHOE 
IF ( ia&- •CO. 4^ (»} TO 
IF ( MOD ( M .IPRTB) 
CONTINUE 
WRITF (NT0.145) RMUREF 
FORMAT(»0»6X*RHOMUREF «»E13.5) 
IF (IBS .EO. ? ) GO TO ?60 
RES = RHOINF • VINE * RN y FFMU 
WRITF (NT0.5) RES 
FORMAT I•+*34X»REYN NO(S) »»E13.5) 
IF (IBRDYO .EQ. 1) GO TO 260 
EPRFS « RES * EPSI 
E0BLT2 • SQRT(EPRES * TS4) 
VS s - SQRT(EPRES / TS4) _' ._ 
WRITE (NT0»15) VS 
FORMAT(•+»72X*VS =»E13«5) 
IF (IRSW) 250.150.150 
CONTINUE 
no 160 N«2.NM1 
CALL XiERVDN (FL 
CALL DERVDN (CBAR 
DO 160 I«1.NI 
CALL DERVDN (CLIL(l.I) 
CONTINUE 
DO 162 I»1.NI 
CALL DERVDM (CLILd.ll 
FLPR(N) 
CBARPR(N) 





CALL DERVDN (CLl 
CONTINUE 
HI » HMkX * X ..._ 







ORDER OF 190 LOOP REVERSED SO THAT 
OBBfJ.K) FOR N«X IS SAVED IN CORF 


























































































































































• RHO(N) / FFKCN) 
2) GO TO 174 









N • <t - KIC 
GO TO (164.158) 
CONTINUE 
TK • THETA(N) 
CON = CPBAR(H) 
CALL MCDIFF 
CONTINUE 
IF (IBRDYO .NE. 
IF (N .NE. NMAX
DO 172 Jl-l.NI 
SUM = 0,0 
DO 170 J2«1»NI 
IF (J2 .EO. Jl) 
SUM = SUM + DBB( 
CONTINUE 
FTER(Jl) « FLFJ(Jl) • DCDETA(NMAX,Jl) + SUM 
CONTINUE 
CALL HUGNOT (2) 
CONTINUE 
FLPRI = FL(N) 
FLPRCI « FLPOI 
BLIL(N) = 0,0 
DLILtN) « 0.0 
DO IQO I«1.NI 
SI • O.n 
IF (CLIL(N.n . 
DO 180 IIC-l.NI 
IF (IK .EO. I) 
SI = SI + DBBd 
CONTINUE 
CONTINUF 
BLBAR(N.I) = SI 
BBIN.I) = FL 
IF (I ,^Q, IMOP 
BLIL(N) = BLIL 
GO TO 170 
!(J1.J2) * DCDETA(NMAX.J2) 
/ PR(N) 
/ CPBAR(N) 
L T , l , 0 E - 4 ) GO TO 1 8 2 
GO TO 1 8 0 
, I K ) * DCr iETA{N»IK) 
DLIL(N) = DLIL( 
CONTINUE 
PRFL « PR(l) / 
DO 200 N=2»NM1 
DO 700 1=1,NI 
CALL DERVDN (BL 
CALL DERVDN (BB 
CONTINUE 
GO TO (204,250) 
CONTINUE 
DO 710 N"2,NM1 
DO 710 I-1,NI 
CALL DERVDN (CL 








PRI » FLEJ(I) ' , 
) BB(N,n = 2,0 • BB(N»I) 
(N) - CP(N,I) * BLBAR(N,n / CPBARIN) 
N) - CP(N,I) • FLPRCI * DCDETA(Nfl1 * FLEJdJ 
FLd) 
B A R d , I ) . B L B A P R ( N , I ) , 1 , N) 
( 1 , 1 ) , R B P R ( N , n , 1 , N) 
, NFOUIL 
I L d . I ) . PDCDE. 2 , N) 
N) - B B P R t N , ! ) ) • D C D E T A ( N i I ) 

















































































































Subroutine WKHS solves the boundary layer equations in the (finite difference) form of equation (25). 
The a's, see equation (18), are computed before calling WKHS and the boundary values of A, B, C, and D at 
edge and wall are also set. WKHS then ccmputes the rest of the coefficients, see equation (26),and the final 
solution, W is calculated using equations (32), (33), (SU), and (35). 
WKHS has one argument, W, which is: f for the manentum equation, 9 for the energy equation and c. for 
the species equation. 
The solution returned from WKHS will be weighted as described in equation C+l). 
The solution of the species equation must be handled a little differently in WKHS and the switch ISPC 
le used to signal WKHS which equation is being solved. 
When ISPC = 1, not solving species equation. See equations (35a) and (35b). 
ISFC = 2, solving species equation, see equations (27), (32a),(32b). 



























, NMAX » NM2 
, NMl » NR 
, IBS 
, ETE • VONE 
. cm 
, SPFI(50) » TXIE 
, 0NH(50) , TDNOM(50) 
, ALPH4(50) . ISPC 







DO 30 N»2,NM1 
ALPHKN) • ALPHl(N) • 
ALPH2(N) • ALPH2(N) • 
ALPH3(N) • ALPH3(N) • 
DA • TDNOM(N) • (1.0 
DBS - -iiQ +_ALPHltfD 
, B(50) . C(50) 
. EI02 . IWC 





+ ALPHKN) • 0NH(N-1J | 
Jf DMDNIN) . 
DBA « ALPH2(N) • DEN2(N) 
DB « DBA + DBB 
DC - TDNOP(N) » d.O - ALPHKN) • DNH(N)I 
DO • - ALPH3(Nr • DEN2(N) 
GO TO (10,20) • IBS 
CflNXINUE 
A(N) * DA 
B(N) » DB . 
r(N) « DC 
D(N) = DD 
GO TO 3 0 
CnMTJlMJE^ 
SP - SPFI(N) / <ALPH4(N) * ETESO) 
THP • SP # CTH 
A(N) • THP • DA 
B(Nl - DELB + THP • DB 
C(N) • THP • DC 
sn TO n4»?5 
DB « DBB 
B(N.l • DELB 
COMTINUe 
J. t ISPJC 








0(N) • CTMHO • Sr • fDAnrlNfl) •»• 08»W(Nt • tie«|ii»l)l 


































































































IF ( IWC .FO. 2 
GO- TO (40,50) , 
CONTINUE 
F(l) « -Ad) 
ELIL(l) • Dd) 
GO TO 50 
CONTINUE 
DTR = 1.0 / 
Fd) s -(P(2) 
FLIL(l) = (D(2) 
CONTINUF 
DO 70 N=2,NM1 
DTR = 1.0 / 
F(N) = - A(N) 
ELIL(N) = (D(N) 
CONTINUE 










ENERGY OR MOWENtUM EOUATION. 
SPECIES EOUATIOM* 
A(2) • B(l)) 
* Ad) ) » DTR 
* Dd) ) » DTR 
F(N-l) + P(N)) 
- C(N) » ELIL(N-l)) • DTR 
O(NMAX) = (D(NMAX)-C(NMAX)»ELIL(NMl))/(B(NMAX»+C(NMAX»«EtNMl)) 
CHECK = 0.0 
DO 80 N=1,NM1 
K = NMAX - N 
CONVl = W(K) 
0(K) = E(K) » 0{K+1) + 
C0NV3 = AB«(0(K) 
FLIL(K) 
- roNvi) 
CHFCK = AMAX1(CHECK,C0NV3) 
CONTINUE 
no on N=1,NMAX 
IF ( 0(N) .LT. 0 .0 ) 0(N) = 0.0 










































































. Subprogram BLOCK DATA enters the tables of enthalpy and specific heats vs. temperatvire into core. 
Two versions are included: 
1) The values for 20 species are given for the species listed in HNAME and in that order. 
2) The values for 2 species that were used for the Binary Gas Model problems are given. Species names 
and order are given in HNAME. 
BUJCK OATA -
COMMON /AA/ CCP(SO.SO) . E«illlA( 50,30) • TEMP ( 50» » IX 
COMMON /BB/ HNAME(30) 
DATA (IX » 50) 
(HNAME»6H02 ,5HN2 ,6H0 »6HN ,6HN0 
6HN0+ ,6HC0 ,6HC02 ,6HCN ,6HC1 
.6HC2 »6HC3 .5HN+ , 6 H N 2 + ^ ,5HH 
6HH2 ,5H0H ,6HH20 ,6HA ,6HA2 
DATA 
1  C0 
2   
3   
DATA (TEMP(N)» N=l,50) 
1 / 50. , 400. t 600. 
2 1400. , 1600. , 1800. 
3 2600. , 2800. , 3000. 
4 3800. . 4000. , 4200. 
5 5000. . 5200. • 5400. 
5 5200. , 5400. , 5600. 
7 7400. , POOO. » 9000. 
8 13000. . 14000. . 15000. 
19000. , 20000. 
DATA (ENTHA(N).N= 







8 8051.275, 8107.685 
9 8158.852, 8141.^48 
DATA (ENTHA(N),N= 5 

















8 8323.143, 8372.022 
9 8915.337, 9119,809 
DATA {ENTHA(N),N=15 
1 / 8867 .431 , 8867.431 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































S 10621^2012 . ^ I M n ^ B A . l O T l S ^ S l k t l & T l S A S U t i e T l S . 
9 1 0 7 1 9 , J 1 4 . 1 0 7 1 * . 3 1 4 / 
DATA (ENTHA(N) .N"551,600) 
1 / 4 8 2 6 . 1 7 9 . 5 8 7 4 . 7 7 8 , 5 4 8 9 , 9 1 6 , 6 9 7 8 , 1 2 4 . 7 3 7 1 , 
. 7 9 5 5 . 7 1 9 1 - fll74.'^feft.-63.5a^5AQi, 8 6 1 5 . 0 4 8 . R649 . 
8 8 6 7 , 6 7 4 , 8 9 5 7 , 3 9 1 . 9 0 3 6 . 9 7 8 . 9 1 0 8 , 1 0 0 , 9 1 7 1 , 
9 i 8 U B 4 5 » 9 3 2 9 . 4 4 5 . 9 3 7 3 . 0 2 0 , 9 4 1 3 . 0 5 6 . 9 4 4 9 . 
9 5 1 5 , 5 4 1 . 9 5 4 4 , 8 9 2 , 9 5 7 2 , 2 3 0 , 9 5 9 7 . 7 6 5 . 9 6 2 1 , 
9 6 6 5 , 1 4 0 , 9 6 8 4 . 9 8 4 , 9 7 0 3 , 7 1 9 . 9 7 2 1 . 3 4 3 , 9 7 3 8 . 
9 7 6 9 . 0 1 2 , 9 8 0 9 , 8 8 1 , 9 8 5 5 , 3 6 2 » 9 9 1 2 , 0 8 8 , 9 9 1 2 . 
__9312^0Mi.9212jDJB8LJL .9212..QflBjL_9912»088» 9 9 1 2 . 
9 9 1 2 . 0 8 8 , 9 9 1 2 , 0 8 8 / 
DATA (ENTHA(N)iN«601,550) 
1 / 1 1 6 8 2 , 0 4 2 , 9 8 9 2 , 4 3 8 , 9 5 7 6 , 7 3 3 . 9 4 0 9 . 0 1 0 , 9 3 0 5 . 
9 1 8 3 , 8 8 6 . 9 1 4 5 , 3 5 1 , 9 1 1 5 , 2 7 6 , 9 0 9 1 . 2 5 2 , 9 0 7 1 . 
9 0 4 3 . 7 3 9 , 9 0 3 4 . 1 1 9 , 9 0 2 7 . 0 8 7 , 9 0 2 2 . 4 6 3 , 9 0 2 0 . 
9021^714. gOZS.aiaj 9030.6,39. 9037,457» 9045. 
9055,443. 9075.777, 9088.878, 9101.604, 9114. 
9142.460, 9156,632, 9170,954, 9185,368, 9199, 
9228,472, 9270.505, 0336.813, 9397.105, 9451. 









































6207,398, 5214.404, 6260.649, 6353.863, 6468.996, 6587.100 
6700,322, 5807,386, 6909,810. 7009.655, 7108.563, 7207.471 
7306.593, 7405.634, 7503.971, 7500.825, 7605.397, 7785.950 
7874,909, 7958,770, 8038,214, 8113.053, 8183.198, 8248.684 
8309.592, 8366.074, 8418.326, 8466.571, 8511.031, 8551,958 
e5£L9,592, 8524.173, 8555.926. 8685,073, 8711,825, 8736.378 
8758.903, 8815.992, 8924.279, 9011.023, 9067.335, 9115.794 
9156.220, 9188.705, 9213.069, 9229.132, 9237.075, 9236.540 




123229.17,123229.17,123229.17,12 32 29.17,123229,17,123220.17 
123229.17.123229.17.123220.17,173229.17,1232 20.17,123220,17 
123229.17,123229,17,123229.17,123229.17,123229.17,123229.17 
123220,42,123229.42,12 32 20.91,12 32 30.40,123231.40,12 32 33.14 




1 / 8 6 0 8 1 . 3 3 . 8 6 4 4 1 * 8 6 , 
2 8 8 4 7 1 . 3 1 , 8 9 3 7 0 . 8 2 , 
3 9 4 2 8 4 . 2 1 , 9 5 2 0 4 , 8 0 , 
4 9 9 2 4 1 , 2 6 , 9 9 9 4 2 . 9 6 , 
5 1 0 3 0 3 1 . 0 3 , 1 0 3 5 7 7 . 8 3 , 
6 - - X 0 6 0 4 2 * 5 4 a 0 6 A 9 O , 4 2 » 
7 1 0 8 5 5 3 . 3 5 , 1 0 9 6 7 5 . 2 3 , 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































, 6253,714, C*09. 
, 7162.271, 7222. 
, 7399.521, 7421, 
. 75Q9.093, 7525. 
, 7627.022, 7655. 
, 7856.597, 7925. 
, 9506.557,10498. 
,14069.770,14234. 
, 6804.951, 7077. 
• 772*»258-» 7785. 
, 7954.309. 7975. 
, 8056,135. 8059. 
. 8134.235, 8149. 











, 7388.874, 7683. 
, 8630.963, 8827. 














, R851.7'9, 8939. 


















































































































































































































































































































































































































































































































































































































































































































































































































































































1 / S l O V . t O * . S 2 0 4 , M * , 3 3 t e . 9 M « 9401*229. 
3 3277 ,378 , 3214 .816 , 3204 ,043 . 3194.760 . 
. „ . l - 4 3 n 3 , W 2 . 316J.258» 3163 .525 . . 3159 .332 . 
' . * ' 5 3149 .279 . 3146 .593 . 3144,169* 3141.968. 
u 6 3ia6»49T» 3134 .976 . 31J3 .580 . 3132 .297 , 
7 3129 ,017 , 3126 ,394 , 3123 ,083 . 3120.598 , 
, „ . 8 3 U 7 t 9 S 0 r 3 1 i a x < t S 5 j - a i 2 a . l 9 6 t . 3111 s 17Ll,. 








































BLOCK BATA- • 
COMMON /AA/ 
COMMON /OR/ 









BINARY GAS MODEL ONLY 
, ENTHA(50,30) ,TEMP(50), , IX 
,6H02 ) 
DATA (TEMP(N) , N = l,50) 


















OATA (ENTHA(N),N= 1 













































































































































































































































































































































































8. Dimensions of Variables 
There are eight parameters Khicb deteimine most of the diaensions tB tlie program and bave the followiiB 
maximum values: 
I 
NI = 30 
NR = 30 
N = 50 
NTP = 50 
MED = 110 
NJ = ho 
IX = 50 
KDX = 20 
If any of these quantities need to be increased, then the dimension of certain variables must be changed. Also, 
if the storage requirements need to be reduced and the above parameters are larger than required, the dimension 
of some of the variables can be reduced. Since some of the parameters have the same value, the change of dimen-
sions is not straight-forward. The chart below shows the changes required when any of the parameters are 
changed. All the variables are in COMMON unless a subroutine is given to indicate a DIMENSION statement is 
used in that subroutine. 
To change 
a . Nuinber of spec ies , NI 
b . Number of r e a c t i o n s , NB 
c . Number of po in t s across 
Layer, N 
d. Number of po in t s in 
wa l l t a b l e , NTP 
e. Number of e n t r i e s in 
edge t a b l e , NED 
Beplace 
30 by new NI 
+̂35 by i NI (NI - 1) 













AR(6 ,NR) - IWPOT 
CAS(NR,1) - STOI 
50 by new N 






110 by new NED 
Except 
Z(NI,NJ-NI) 
0MW(2 + NI) 














h. NIK 20 by NDX in 
DELXT(NDX) 
XDELT(NDX) 
a subroutine IE2DSW the following quantities are j^van In a DIMEHSKW atateaoentj 
A(30,l) and IRP(30) 





The composition of a gas in local chemical equilibrium is determined from the temperature, pressvire and 
the mass fraction of the chemical elements involved. The solution requires the solution of a set of simulta-
neous nonlinear algebraic equations. There have been several methods employed to solve these equations as 
53 
indicated in references 53-58. The present approach is similar to that employed by Penner and depends upon 
a knowledge of the importance of the various chemical species in the gas mixture. The present method is sim-
ple to apply and has been very successful for the conditions of interest. The original version was presented 
in reference 3 and as this report has limited availability, the details of the method are described in this 
appendix. Only the case of pure air (Op, N„, 0, N, NO, NO , e) is described below. In reference 3 the same 
approach has been used to determine the composition of the systems: (1) Sodium-Air (2) Carbon-Air and (3) 
Hydrogen-Carbon-Air. 
The reactions which occur in a multicomponent gas mixture can be represented as given in equation (k). 
When the gas is in chemical equilibrium, the production of species i is zero and 
'̂ f 6 NI e . 
-̂ c = 1 ^ = ^ ' n ^ i^ ' (=-^) 




Sr = .S, e î 
1=1 
' In addi t ion t o the above r e la t i ons , the equations for conservation of elements aioA. charge are writ ten as 
NI 
Ŷ  = E ct̂  Yi (E-2) 
i = l ^ 
where 
a. = number of atoms of element j in species i . 
To complete the foregoing equations, the equilibrium constant is apppoximated by the following tyi)e of relation 
over a limited temperature range 
n -E / T K 
K^ = A^(TK) "• e ^ . (E-3) 
r 
Accurate values of K can be obtained in terms of partition functions and are a function of temperature. The 
c 
r 
equilibrixim constants K based on p a r t i a l pressure are given in the JANAF t a b l e s and can be used t o determine 
the parameters in equation ( E - 3 ) . The equi l ibr ium constants are r e l a t e d by 
310 
K = (fi TK) '̂  K (E-U) 
°r *r 
irtiere 
R = 82.057 atm om^/gm-mole °K . 
The above r e l a t i o n s (E-3) and (E-k) a re wr i t t en as 
In K = 2.3026 [log K - 9 log (H m)\ 
r L Pj, J 
(E-5) 
= In A + n^ In TK - E /TK 
The equilibrium constants ic given in the JANAF tables correspond to the species being formed from Its dements. 
The air and carbon species equilibrium constants are given in Table E-I. The equilibrium constant for a reac-
tion of the form of equation (k) is expressed in terms of the species equilibrium constants as 
NI NI 
log K = x ; e log p. = X; e log K (E-6) 
•̂ r i=l i=l -"̂i 
For the elements (Op, Np, C , etc.) the log K is zero. The parameter E is the heat of reaction and is the 
i 
amount of energy that must be added to reaction (U) for it to proceed from right to left. With the heats of 
formation or heats of reaction as given in Table E-I, the value of E is obtained from 
NI 
E = y ; 9 . E. (E-7) 
r .*-̂  ri 1 \ ' ' 
1=1 
with the heats of reaction of the elements being zero. The coefficients A and n in relation (E-3) are 
determined by finding In K from the first part of equation (E-5), Then from the second part of (E-5) 
r 
the following relation is written: 



















Then with a plot of equation (E-8), the value of A is determined from the y-intercept and n from the slope 
as given in Figure EI. The resulting coefficients for the air reactions defined before are given in Table 
E-II. 
The equilibrium composition is obtained by solving the nonlinear algebraic equations (E-1) with the rela-
tions given by (E-2). For the case of air, the following independent chemical reactions are used: 
311 
r = 1 Og ̂  20 
= 2 Ng =̂  2N 
= 3 NO ii N + 0 
= U N + 0 1= NO"̂  + e" 
The etuiltbrium constants for the above reactions are obtained from (1-1) and are 
(E-9) 
•̂ 03 = P YOYN/YNO - (̂ -1-0°) 
The i^^ll0.an» (E-£) for this system become 
Y"" = VH - Y^o " Y^O- ̂  2Yj,̂  (E-llb) 
° = \o^ ^ \~ <^-"-°) 
For the present calcalation i t Is assumed that the element coaipoaitlcm remains fixed and 
Y° = O.OIU55 
Y^ = 0.051+77 
Equations (E-lOa) and (E-lla) are used to eliminate Y^ ^"^ ^^^ resulting equation i s solved for YQ which gives 
Y o = i ^ - l + y i - 2K^T^ j (E-12a) 
where 
K = 1+p/K 
_ 0 
312 
When -3 SKJTQ < 10 ^, then 
In a similar manner 
where 
K = Up/K 
°2 
'"N " ^ ' '•'NO " ^0"^ 
When 2K^ T < 10"^, then 
Yo'̂ o i - I V o ^ ' ^ ' ^ o ' * 
YN = 4 (- 1 ^ v r i t 2 K 2 ^ ^ 
'*'N '"N ^ - I VN " I K/ r / + 




YNO = P YQYJJ/K 
YNO+ " v ^ YQYU 
\ = P Yo /K,^ 






The dens i ty i s obtained from 
p = 0.51536 p '{" I •") 
To obtain an initial estimate of the density, it is assumed that 
NI 
E Yi = O'Ok 
i=l 
(E-15) 
To start the solution of (E-12) to (E-I5), it is assumed that y = Y^n+ ~ '"'' Solution of these equations is 
repeated until the YJ'S have converged. The desired result is the mass fraction of species obtained from 
c. = M.Y- for various temperatures and pressures. 
313 
TABLE E-I 
EQUnaBRIUM CONSSSteTS FOR A SPECIES FORMED FROM ITS 
Species Reaction Equilibrium Constant, K E. = Ah°/R(°K) 









^ Op -» 0 
Ng - ' N 
Og + t Np -^ NO 
C -^ C 
C + i Op ^ CO 
C + Og -^ COp 
2C -> C„ 
3C -* C, 
S =V^/5^ 
\ = v/%; 
'%o ^ ' ^ ^ ^ ^ ^ \ \ 
'Pcop '- ^^^-^/^o^ "2 "2
NO"̂  | - 0„ + i Np -* NO"̂  + e " 
\ - \ 











Elea«afc»: Og, Hg, C (graphite) 
TABLE E - I I 
CQBFFICIEHTS FOR EQUILIBRIUM CCMSTAHTS FOB AIR EEACnOKS 

















FIG. El - COEFFICIENTS FOR EQUILIBRIUM CONSTANTS 
315 
Distribution: 
Dr. W. W. Hirt - 13 
Los Alamos Scientific Laboratory 
P. 0. Box 1663 
Los Alamos, New Mexico 87544 
R. L. Peurifoy, 1220 
B. J. Roscoe, 1225 
T. B. Lane, 1540 
T. M. Burford, 1700 
A. M. Clogston, 5000 
A. Narath, 50 
0. E. Jones, 5100 
L. C. Rebel, 5200 
J. E. McDonald, 5300 
A. M. Clogston (actg), 5400 
J. L. Tischhauser, 5420 
L. M. Berry, 5500 
A. Y. Pope, 5600 
R. C. Maydew, 5620 
H. R. Vaughn, 5625 
S. J. McAlees, 5628 
K. J. Touryan, 5640 
F. G. Blottner, 5643 (100) 
J. W. Weihe, 8320 
G. W. Anderson, 8330 
A. N. Blackwell, 8350 
R. S. Gillespie, 3151 
L. C. Baldwin, 3152 
Central Files, 3142-1 (15) 
316 
